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TOYOTA TECHNICAL CENTER, U.S.A., INC. \-D- 2 14

ANN ARBOR BRANCH
1588 WOODRIDGE, RR #7, ANN ARBOR, MI 48105, PHONE (313) 769-1350

March 1, 1991

Air Docket Section (LE-131)

U.S. Environmental Protection Agency
Room M-1500

401 M Street, S.W. . ~ MAR - 6 99!
Washington, D.C. 20460 .

'Attention : Docket No. A-90-16

Subject : Submission of ToYota's Emission Test Results with
MMT Fuel Additive

Toyota submitted the interim emission test results dated October 26th 1290 for a
vehicle durability program which had 1/32 g/galion Mn MMT added to the test fuel.

We have just completed all tests, including additional reference tests for fuel without
MMT. Although this data was obtained from one vehicle, the information is being
supplied for your information.

The data shows that HC, CO and Particulate Emissions are all adversely affected by
the MMT additive. The NOx Emissions were not dramatically affected. The
increase in HC corresponds to our past test results with 1/16 g/gallon Mn MMT
attached to our comments dated July 20, 1990.

If there are any questions regarding the enclosed information, please contact Mr. K.
Kibe of my staff.

Sincerely,

:Lﬁ.ﬂt 7 ./a«f"

Takao Niwa
General Manager
Emission Certification

¢ : Ms. Mary T. Smith
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1. Test Vehicle and Engine

Vehicle : '90 MY Camry Sedan, 4 A/T

Engine : 3S-FE (2.0L, L4) -

Emission Control System : Multipoint Electronic Fuel Injection + 2 Three Way
Catalysts (Close-coupled and Underfloor catalysts) + 2
Oxygen Sensors

2. Test Conditions

(1) MMT Additive 1/32 g/gallon Mn

(2) Mileage Accumulation Fuel Characteristics
RON 914
MON 81.5
RVP 9.9 psi

Distillation Range
' IBP ( Degrees F)85

10% 119
50% 211
90% - 343
EP 402

-QOlefins (vol. %) 6.8
Aromatics (vol. %) 36.5

(3) Mileage Accumulation Mode
Toyota in-house durability driving mode

(4) Emission Test Fuel
EPA certification test fuel




" 3. Test Results
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Proceedings of a conference
held at Health House, Darwin, N.T.
on 11 June, 1987
at the invitation of
Dr Keith Fleming, Secretary for Health,
Northern Territory Department of Health
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FOREWORD :

Research is being conducted, at the request of the Angurugu
Community, Groote Eylandt, into the unusual disease conditions

prevalent there.

This publication reports the proceedings of the conference
held in Health House of the N.T. Department of Health, Darwin, on
11 June, 1987.

Thanks for support in this venture are due to the following

organizations:

The Northern Territory Department of Health

The Angurugu Community Council

The Groote Eylandt'Mining Combany Ltd

The Church Missionary Society

The National Health and Medical Research Council
The Menzies School of Health Research, Darwin
The Department of Aboriginal Affairs

The University of New South Wales

All contributed in their own way to this production.

Joint editors:-

Prof John Cawte and Dr Charles Kilburn

Schools of Psychiatry, and Paediatrics,
University of New South Wales

-
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REASONS FOR CONVENING THIS CONFERENCE

Chairman: Professor John Cawte

The coiloyuium was held at the Health Department of the
Northern Territory, Darwin, on llth June, 1987. The agenda was to share
acw information about the ncurological disorders and possibly other rclated
conditions urrecting people at Angurugu, Groote Eylandt, where there is

uan unusual rineral ambience.

The colloquium host was Dr Keith Fleming, Secretary of the
Northern Territory Department of Health. The convener and invited
chairman was Prof. John Cawte of The University of New South Wales,
stationed at Prince Henry Hospital, Sydney, but a long-time outdweller

visitor-researcher.

The Angurugu Council, Groote Eylandt, and the Groote Eylandt
sMining Company kindly made relevant personnel available to attend this
meeting and provided the fares of some contributors travelling from
outside Darwin. )

This mceting was not designed as a medical conference in its
usual sense. Medical information about these disorders was not felt,
as yet, to be complete enough to generate that. However, enough
information was available in early 1987 to convince both Prof. Cawte
und the leading field researcher, Or Chafles Kilburn, that an informal
gathering should be convened to share this information and to discuss
the growing concern about these unusual disorders and their possible
chemical environmental ‘associations. Prof. Cawte and Dr Kilburn
considered that they might be held remiss if they did not convene such
a meeting, even while the present information is more contributory than

completed.

Speakers were invited from the involved groups, ranging from
the sufferers and their affected community outwards to consultant
chemists and doctors.  Speakers were asked to present their information
in brief commentaries. Time was allowed for audience questions,
discussion and for future planning designed to understand and to-counter

these grave conditions,

L'd




The meeting was, in effect, a sequel to an initial gathering
held to discuss the outset of this research program, convened at the
N.T. Department of Health, Darwin, on 1lst December 1983. That meeting,
which was then deemed confidential, had been entitled: Possible
Association of Manganism with the Groote Eylandt Syndromes.

At that inaugural 1983 meeting Prof. Cawte presented two papers
before lunch :

1. Manganic Syndromes : Neurological; Psychiatric; Teratological;
others. Discussion followed.

Manganese Toxicology: Findings since 1975: Human; Veterinary;
Marine-Biological. Discussion followed.

After lunch the research proposals were discussed in terms of the
findings up to that time; of suggested future work; of costs; and sources

of funds.

Immediately following fhat 1983 meeting, the Groote Eylandt Mining
Company kindly donated $30,000 expense costs per year, for up to three
years, and the Angurugu .Community Council $10,000 per year, for up to
three years. The former fund has been used chiefly for transport of
skilled consultants to the distant site, and the latter chiefly for payments
to local informants at the site helping the study.

Two years subsequently, in 1985, the NHEMRC awarded, on Prof.Cawte's
application, a research fund that enabled Dr Charles Kilburn to undertake
resident medical officer activity at Angurugu, Groote Eylandt, including
a control study at Galiwinku, Elcho Island, N.T. Or Kilburn also registered

as a higher degree candidate at the University of New South Wales.

The present (1987) meeting was designed to review findings
(especially clinical and chemical) since 1984, facilitated by the above
financial support. The donors are thanked, together with members of the
N.T. Department of Health and other organisations who have assisted. -A
tribute is paid to these parties in the Chairman's Introduction of

Participants at this mecting.

After the Junc 11th 1987 colloquium, the contributing speakers
werc invited to draft their observations, which had been hastily prepared

in most cases, in a form suitable for publication of Irterim Froceedings,

-
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including their references. These papers were typed by Ms Mary Hammill,
compositor tor the two education journals funded by the Commonwealth
Department of Aboriginal Affairs: The Aboriginal Zealth Worker (llon.
Editor, John Cawte) and The Aboriginal Child at School (Hon. Editor,
Dawn Muir). The final collection of material was printed, f;r limited

circulation, by the University of Qucensiand Printery, St Lucia, Brisbanc,

including line illustrations by Aboriginal medical illustrator, Billy Reid.

A Burrawang (Cycad) in fruit, Groote Eylandt
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coLLOQUIUM OUTLINE

Changes in the order of speakers were made on the day,
reflecting speaker availability and other factors

Chairman:

Mr Murubuda Wurramarba:

Dr Joan Ridley:

Mr Graham Hams:

Dr Mark Florence:

Dr Charles Kilburn:

Professor John Cawte:

Professor David Turner:

Professor John Cawte:

Afterwords for the
Conference:

arising at the time

Introduction of participants; apologies
and some tributes.

Views of the Angurugu Community Council,
from its Chairman,

A Neurological Ethnic-Geographic Isolate
(read from clinical paper by Professors
Leslie Kiloh and John Cawte - not published
in Australia).

Findings from the Clinical Chemistry Laboratory
at the Prince of Wales Hospital, Randwick,
Sydney.

Findings concerning the Manganese Ecology at
Angurugu, from CSIRO at Lucas Heights,
Sydney.

Pediatric and Other Disorders at Angurugu.

What One Patient Taught One Epidemiologist
(illustrated by video tapes of this patient
under treatment).

Anthropological Concerns.

The Angurugu Syndrome: Should the Community
Consider Relocation?

Press Release; Paper reports;
Notes by the Hon. W.C. Wentworth;
Reports from Hawaii, and others.

CHAIRMAN’S INTRODUCTION OF PARTICIPANTS

Ladies and Gentlemen

Thank you for coming to an unusual gathering. I turn to you
especially, Dr Keith Fleming, for hosting us all in your capacity as
Secretary for Health and a few other services. I turn to you,

Dr Ella Stack, for arranging this meeting in the Blue Room of Health

House, providing our morning and afternoon tea and lunch, along with

your usual interest in health problems. This is not a medical conference,

but an associates' sharing of findings so far made respecting the
Angurugu syndromes. It's a difficult issue. Dr Charles Kilburn and I,
as chief workers in the field, felt that if we did not now call a
meeting, we could be criticised for failing to communicate a problem
that is hard to counter, and one in which the usual solutions do not

apply.

Todav's program has been altered several times during the past
wech. Some speakers are out of Australia. I could not confer with
Pr Kilburn because he was out of contact with Sydney, being on Elcho
tstand. There are deficiencies today but at least we can all share
the major. points. We can conduct a medical conference in two or three
vears, my own estimate of the time needed for a full account, given

enough support and funding on the way.

First, some apologies. Our early clinical worker, Professor
leslie Kiloh is having his Festschrift in Sydney today. He wanted to
come to Darwin but | persuaded him that he'd better stay at home on
this occasion. Dr Bill Webster, our hardworking embryologist exposing
gruvic rats to manganese, is overseas. So is Dr lvor Dreosti, the
cxpert on manganese, alcohol and superoxide dismutase af Adelaide's
CSIRO. Dr Kilburn and I have consulted him in his manganese studies,

which 1 hope I'r Florence, of Sydney CSIRO, will mention today.

It was Mr Clyde Holding, the present Minister for Aboriginal
Affairs, who suggested that | should convene this meeting. We arc

fortunate to nave with us nis distinguished predecessor, the first

Minister for Aboriginal Affairs, Hon. K.C. (""Billy'') Wentworth.

6d
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We are grateful that we have a representative group of our

who first asked me to study this problem years ago.

Angurugu friends,
e Eylandt yesterday. Today

we conferred with many more of them on Groot
their group is led by Mr Murubuda Wurramarba, the Chairman of Angurugu

Community Council. Also present is the Town Clerk, Bobby Nungamudjba,

who spoke on this subject
friend, patient and chief helper is here.,
1 am delighted that my dear Damiya is here today.

in Canberra with me a month or two ago. My
1 will dwell later on what

he has taught me. She

jor of the female health workers at Angurugu. We visitors

is the sen
g a night

at the Health Centre last night, and helped Damiya durin

slept
cture of the

disturbed by ills ranging from infection to compound fra
ulna.

The N.T. Department of Health is, of course, well represented
I'm most grateful for the response of the Secretary, Dr Keith
ydney linger firmly in my mind.

here.
Fleming, whose words by phone to me in S

He just told me, "1'11 do anything 1 can to help in this matter." He i

has given us hospital accommodations, use of a hire car, and is even

asking me to lecture on Pablo Picasso tonight at a small barbecue at

his (Keith's) home. A masochist for punishment, obviously, Dr Fleming.

It is good once more to meet with some Territorian medical \

I've known the work of Dr Kerry Kirke over many vears in The
for Health Advancement, with

friend:..
Centre. He's here as Assistant Secretary

responsibilities for Aboriginal health. Dr John Hargrave and 1 must
s disease he

P

have had Christmas dinners together after all the Hansen'
at the home of Rev. Harold Shepherdson and

managed, ten years in a row,
1t is good to see here Professor John

his wife Ella, at Elcho Island.
Mathews, of the Meniies School of Health Research, who has such
e future of health here, and who takes a special

responsibilities for th
Also Dr Joan Ridley, an old psychiatric colleague

interest in this study.

of Professor Kiloh (I believe another Northumbrian) and myself.

1 had dinner with Mrs Margaret Sheridan at Gove two nights ago.

d to see her here, as Regional Director of East Arnhem Hcalth.

It's goo
1 rarcly comc to Darwin nowadays since 1 receive such support from her f!
and her predecessors in East Arnhem Land during my medical invitations P }
by those communities. Margaret knows all the best places to eat in Gove, 1.
1. L 4
PP
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I am deeply relieved to find that Dr Mark Florence, outstandi

trace element expert from CSIRO, Lucas Heights, has made i; tod s
researchers know a lot more about minerals than do medicos, a day. -
some crucial findings to offer us today in two talks that ;e ? ol ﬁas
:n behalf.of himself and his Adelaide CSIRO Colleague, Dr lvo:sD:::erfng
d::::d;fw::h:::uI:ebCSlRO findings on manganic ambience at Angurugu?t;.

e holding this meeting today.
thanks to CSIRO and Or Florence.

Our sincere medical

Ih . :
- ave been travelling in the company of an old friend, Mr Do
- - ' "
A ourke, First Assistant Secretary of the Programs Policy Divisi f
the Department of Aborigi i ‘o toor
ginal Affairs in Canberra. Do
e o . n wanted to look at
patients of whom we speak in their home setting at Angurugu. So did
. So di

111 4 ion, » g
our other trave ng companion, Mr Peter Hoyle of the Abori inal Health

B
ranch of the Commonwealth Health Department in Canberra

people were pleased to greet them. The Angurugu

From the Church MlSSlO“al‘y Socxety 1 b!‘ll‘lg you the good wishes of

1shop .Clyde » who has always been interested and wi try to be here
Bish Waod ho h. 1 y ill b4

later today. T
) wo C.M.S. workers of Angurugu deserve our special thanks

Mary Harri T ve anno € her a L1} was 1e er
H s {Mrs E s) ¢ t be here tod Y, but it was ch fly h
y

concern, as a social VOIke’n that first attracted our attention to this

illness, as D y
. r Ridley's opening paper will describe. Mr Lance Tremlett
>

as C.M.S. Mana A
ger at Angurugu, has given us endless support and encour:
age-

ment and, wi i i i y
with his wife Gwen, hospxtality over many dinner tables Only
.

vester;ia wi »
‘ y Lance was sho ing us the famous old Mission garden
know to be saturated with manganese

.

ate so much in those days,

which we now
along with its plants that the people

I feel i

researen el bound to pay a tribute to the remarkable group of C.M.S

rch missionaries at An o

gurugu who have helped i
Judith Stokes, Juli Picie Lovies oo ros
. ie Waddy and, most of alil i
Dulcie Levitt i i
a botanist who iodi Vi e to seth oo
periodically visits me a
t my h i

plants and people of Groote Eylandt ot ottor pue o
new chapter in the next edition:

Sydney,

OQur findings could offer Dulcie a

We welcome some guests from the Groote Eylaudt Muullg Company Fty

Ltd, led by i -
> the manager, Mr Sergio Fuenzalida who

»

i after bei i
superintendent succeeded the Previous manager peiné operations
4

Mr Trevor Tennant, who

ol'd




provided us with financial help some years ago. The Company's speaker
today is Mr Alan Wright, a public relations officer who has always been
deeply interested in the Anindilyakwa people, many of whom have worked
for the company. I also see Mr Clive Thurlway, who is responsible for
environmental interests of the company, and others. All have been
helpful to us. We don't see here a previous employee, Mr Jack O'Hare,

who retired on the Eylandt down at Yimbagwa, in a caravan. Jack is in
Casuarina Hospital having surgery for his hip. 1'll call on him tomorrow.
Jack is not only welcoming to me on my too rare visits, but full of
information about early times, We value Jack and wish him successful

recovery.

Of my B.H.P. colleagues, I particularly welcome on everybody's
behalf, Dr Robert Hart, head of the Division of Health and Safety for
that company. I have been seeing Bob on and off over the years and 1
have found him realistic and experienced. My only objection to him is
that he lives in Melbourne, when he is not overseas as he often seems to
be. 1 decided to go to Melbourne BHP headquarters to sec him last weck,
as he was not able to keep his appointment to see me in Sydney. He is

accompanied by his epidemiologist colleague, Dr Michael Fett.

From my own group of hospital consultants in Sydney we welcome
the neuro-chemist, Graham Hams. Graham makes some striking discolosures
today. NWith his newly installed atomic absorption spectrometer, he has

disproved a contention that one commonly finds in older books, that

o

tissue manganese is not measurable in humans, for the most part. Graham

has demonstrated high levels in the blood of most of our neurological

patients, which we never expected to find. It helps us!

Of my other colleagues, the ncuro-pathologist, P}of Bruce Warren
was here a month ago. As yet we have no autopsy studies but we hope that
Bruce will rectify this. The community has accepted Bruce's rolc. The
neurologist, Dr Keith tethlean will be up here ncxt month with his myogram

recorder and assistant, Dr Heather Johnson.

I really want to thank all the nurses who have assisted us over
the years, but there are too many, so I'll restrict my thanks to Rachel

Jordan, one of the first sisters to help me ten years ago. | saw Rachel

vesterday in her new capacity with the AIDS problem. We are all in her debt.” ..

Groote Eylandt has known many famous snthropologists, from Norman
Tindale, whom I knew of old at the South Australian Museum (whenever he

was there) and C.P. Mountford. 1 suppose the most famous is Donald Thomson,

whose remarkable public achievements one can read about in Dr Nicolas

Petersen's well illustrated book, Thomson tn Armhem Land. Indeed, Thomson,

more than any other, created precious Arnhem Land as a Reserve for its
people. 1 have also met Prof Fred Rose, now in East Berlin, who had the
foresight to include photographs of residents in his book. But today we
are lucky to have with us the leading anthropologist of the present day,
Prof David Turner of Toronto. He will be speaking to us shortly.

I have to apologise to my normal Arnhem Land hosts of Elcho
Island, where I have spent most of my vacations for 20 years as an anthro-
pologist phvsician. 1 have attended them medically and studied their
healing and their mourning, as well as their religion, and their latest
craze of drinking Kava from Fiji. I am involved in advising the Western
Australian Government on that drug substance - we are convinced it is a drug.
not a food - but 1 have had to sacrifice Elcho interests to attend to
Groote Eylandt of recent years. I'l1 go back *"home" when I can. Meantime,
our child specialist who is working on Groote- under mf NHEMRC krant,
Dr Charles Kilburn, recently carried out his control stu&y on Elcho, and
no doubt represcnted me well. You'll hear today how we are lucky to have
such a sincerc and balanced specialist as Dr Kilburn. !'m grateful that
he'll move to Darwin after the grant is over and hopefully continue his

work on Groote Eylandt as a consultant.

Giving my grateful thanks to you all for contributing today, I
can ohly apologise if 1 have missed someone 1 should recall. You are
all deeply valued in the pursuit of this mysterious and tragic disease

and the unusual ambience in which it occurs.

A final word for the most valuable consultant who is not here
today, because he is at homé in Quebec. Professor John Donaldson is in my
opinion the world's authority on the effects of manganese on the nervous
system. He visited me last year when 1 was a guest at the Center for
Advanced Study in the Behavioral Sciences at 3Stanford, California, and
he taught me and Dr’Kilburn last December in Australia about the vagaries
of this element in the nervous system. We awzit his new article on this
subject in the forthcoming issue of Neurorcsizology. We wish you were herc

today, John, to talk about the 140° longituce neurological disorders.

LM*N-odnnv.
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CHAIRMAN, ANGURUGU COUNCIL

Mr Murabuda Wurramarba, Chairman of Angurugu Council, spoke
briefly about the concern of his people over their strange diseases.
He mentioned that they had asked Dr Cawte to give his opinion some
years ago. Since then many advisers had visited. Finally Dr Charles

Kilburn who had lived with them and carried out important medical
work, particularly with children.

Mr Murabuda said that his people were anxious that the research
The disease must be controlled

go forward to 8 successful conclusion.
He emphasized that the people

to make the people strong and happy.
did not want any public attention, fuss or trouble. They just

wanted their disease understood and relieved.

He thanked today's experts for coming to this meeting.

‘A Groote Eylandt shoreline

-0

fhe church of the Church Missionary Sucicty, at Angurugu.
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A NEUROLOGICAL ETHNIC-GEOGRAPHIC ISOLATE
ON GROOTE EYLANDT®

L.G. Kiloh and J.E. Cawte#
University of New South Wales
Groote Eylandt, which curiously retains its Dutch name though
probably discovered by the Portuguese, is the largest island in the
Gulf of Carpentaria in the North of Australia. Its bearings are
latitude 14° South and longitude 138° East. Together with a small cluster
of Aborigines on one of the nearby islands and on the mainland, the total

Aboriginal population is about 1100.

On our way back from Elcho Island we visited Groote Eylandt briefly
in 1977 and met Mary Harris.‘a social worker who had spent a number of
years on the island. Mary Harris was disturbed by the number of Aborigines
with neurological disorders and drew our attention to them. In the short
time available we saw a number of the patients and returned a ycar later
accompanied by Dr Keith Lethlean and Dr Graeme Morgan. With the help of
Mary Harris and the nursing sisters we were able to identify thirteen
definite and three probable cases. We studied them in more detail than was
possible during our earlier hurried visit and gave some consideration to

possible etiological factors.

To summarise the first findings (Kiloh et ai. 1980) therc werc
seven cases showing features of a motor neuronc disease, two with only
lower motor neurone involvement and five with the additional lateral
sclerosis. One of the latter had shown only lower motor abnormalities
on our first visit. In four of these seven cases abnormalities were
observed by the mothers soon after birth. Most of these patients also
showed a striking degree of hypotonicity with very lax ligaments. One of
this group whom we did not see had died several years pefore, having
developed a bulbar palsy. There were six patients with a curious mixed
picture showing cerebellar features and pyramidal tract involvement. Four
showed a variety of supranuclear and internuclear ophthalmological

paralyses and three some muscle wasting. In addition, there were three
®From K.M.Chen & Y.Yase (Eds) 1984: Amyotrophic Lateral Sclerosis in
Asia and Cceania. MNational Taiwan University.

fThis paper was read at the Conference by the Darwin psychiatrist, and
colleague of the writers, Dr Joan Ridley.

- —
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Aborigines with lax ligaments whom we thought had a mild and probably
non-progressive ALS-type syndrome. Of thirteen definite cases, one
showed a mild dementia and in another this diagnosis was queried. A
mild degree of parkinsonism was also queried in two patients.

It is unfortunate that we have had great difficulty in obtaining
funds to investigate the Groote Eylandt population further. One of us
(J.E.C.) has managed to look in briefly several times on his journeys to
and from Elcho Island. We have kept in close touch with one of the
important members of the Aboriginal Council who happens to be one of the
patients. About two thirds of the cases appear to have progressed. Two
have died, but even had we been there at the time it would probably have
been impossible to have obtained autopsy material. One new case has been

located with cerebellar and upper motor neurone features.

it might be worth adding that other peculiarities have been noted
in the Groote Eylandt inhabitants. In one family ten of twelve siblings
have died, nine in early childhood. One, who survived to the age of five

years was never able to walk. In two other related families there is a

remarkably high incidence of heart and renal disease and of twelve siblings,

four have died in late adolescence or early adult life and two others are
affected. There is also hearsay evidence of a psychiatric syndrome unusual
in Australian Aborigines, in which the patient is subject to unexpected
cpisodes of rage and aggression - something between amok and the episodic
dyscontrol syndrome. Our informants indicate that in women it occurs in

the first trimester of pregnancy.

We considered that the syndromes, although varying widely, were
likely to be examples of a polymorphous condition having a common etiology.

At the time of our first visit we were impressed by the strong
familial nature of the illnesses and we thought that they were likely to

Abe genetic. In a small closed conmunity of this kind everyone is related

in some degree to everyone else and Dr Graeme Morgan found great difficulty
with his genetic studies. However, strongly against a primary genetic
basis was the fact that in the 1920s the population of Groote Eylandt had
been studied separately by Or Tindale and Dr Rose, both of them competent
and observant anthropologists. Neither of them referred to any neurological
disease. Rose photographed every member of the population but his findings

cl'd




were not published until 1960; no indication of these disabilities
appears. Furthermore, none of the missionaries drew attention to the
condition, mor do the Aborigines themselves have any tradition - and

established sorcery explanations - of such a disorder.

The possibility that neurotoxins derived from cycad nuts or
cassava was considered but rejected. The most striking ecological feature
of the population of Gréote Eylandt is that most of them live in the middle
of a large manganese deposit and are surrounded by open cut mining activities
and dumps of crushed ore. In the principal of their two villages, lumps
of black manganese oxide can be picked up in the streets and at any time a
thin film of black dust can be wiped from furniture and other exposed
objects. The local river from which the water supply is derived runs
across a bed of exposed manganese ore. The other Aboriginal village in
which two cases were identified lies on the opposite side of the island and
has no nearby manganese deposits. However, there is much movement between
the two areas. The three mainland patients are also distant from the
major manganese deposit but 5gain mobility does occur and furthermore they
live on the edge of Blue Mud Bay, originally so named by Flinders, Captain
Cook's successor as a cartographer. The colour was later found to be due
to manganese. Amongst Aboriginal bark paintings those from Groote Eylandt
can easily be identified at a distance by their extensive use of black
pigment - a colour available to other Aboriginal communities only as

charcoal.

At the time of our visit we considered thc possibility that
manganese was responsible for the genesis of the neurological abnormalities.
At that time our knowledge of manganese intoxication was limited to the
acute and chronic syndromes suffered by miners in Egypt and Chile, which
arc dominated by extrapyramidal syndromes. These differ markedly from
from those presented by the Groote Eylandt Aborigines. At the same time,
we did not overlook the fact that up till 1942 the entire population
lived beside Emerald River somec 20 odd miles south of the manganese
deposit. In that year their airstrip assumed strategic importance and
was taken over by the Royal Australian Air Force. Perhaps not without
justification, the community became concerned and moved the scttlement
up the coast- to the next major water supply and established the village

of Angurugu where most of our cases were found.

— e e
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It 1s Interesting to consider the birth dates and the tices of
onset of the sydnromes in relation to the cove to Angurugu. Of the
sixteen cases, five wvere born before the move and-only two after the
‘development of the oining operation. In none of the cases we know about
did the svndrome appear before the move but in eight the symptoms begaﬁ
hefore the nine was opened.

We have carried out an intensive study of the literature cn
manganese and there appears to be considerable evidence froo animal and
veterinary studies that in addition to its effects upon the nature
nervous systen, oanganese is copsble of teratogenic effects perhaps
directly, perhaps by interaction with other elecents, or perhaps in
association vith protein malnutrition.

[Our early notes on these syndromes were made nearly ten uears
ago. Since then we have publisA;d several research papers describing
our studies and we have escablished a research physician on the island.
The recent findings of high levels of manganese in the blood of nsuro-
logical patients and in the garden soil and plants of the village, will
be outlined in today's pfoceedlnqs. These findings certainly ads

interest to our early fnvestigation].
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ANALYSIS OF MANGANESE IN WHOLE BLOOD
Graham A.Hams Trace Metal Laboratory
Division of Clinical Chemistry

. Prince of Wales Hospital
RANDWICK NSW 2031.

A method for determining the concentration of manganese in whole blood
was established in my taboratory dunng 1256.

The method utilised the laboratorios’ AA975 atom:c absorption
spectirometer which was equipped with the GTA 95 electrothermal
atomiser (both manufactured by Varian Pty.Ltd. Mulgrave, Vic.) The
analytical techniqua was & novel application based on a technique reporied
in titerature in 1986.(1)

The spectrometer was operated in double beam mode and used a deuterium
background correction facility. The fumace atomiser employed a solid
pyrolytic graphite platform to recuce condensed phase matrix

interference.

Samples for analysis were collected on Groote Eylanit by Charles Kitburn,
as heparinised wiole blood. The collecticn apparatus was ‘rinsed’ with
patients blood prior to sampling for manganese so as 10 minimise
contamination trom the hypodermic needle. The samples were transportec
to the laboratory at 4%ce!sius.

Within the laboratory. the samples were difuted 10 one fifth of freir

original conceniraiion with manganese tree dituent water. The diuted

biood was mixed with a smatl voiume of 70% whw nitric acid (Univar, Ajax

Chemical, NSW) and more water within the furnace atomiser. The ,
temperature of the atomiser was increased slowly from 40%%eisius to
400%cel sius wh:ie mainiaining a pure oxygen atmosphere over the sample.
Trie atcuser temperature was then mcreased more rap:diy 10 800%%e:-: -
aiter changing the aimosphere ¢ pure asgon. Gas l.ow was siopped anc
the sample resiiia atomised al 2690%cel: 1+ Aldmic ansorbance signals
were measured as peas heigh:

The analysis was routineiy ca'oratea with acuedus siandards
Periodcal’y. e oarily beiween agueous catorai.on and stancard
acz:uons calibratan on a low mancanese concentsaon whole biood was
ascenained.

The analysis stowed amp:e sensiivily. Peax heigh: absoroances ranged
{rom 0 04 units 12 §.12 uniis over ihe lasoratory refererice interval of 100
0 350 nanomg es manganese pe: lire of blood. This interval compares -
favourably witt 2iner woraers’ €31 Tatons of a relerence intenval (234)
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Background absorption during atomisation of whole blood samples can be
an intractable problem. The combination of matrix modification. oxygen
ashing and temperature profile used in this analysis both reduced the
absolute s:ze of the backaround signal to a manageable level an¢t movea ¢
tempora:ty so that interference was minimised before the application of
dackg-o.d correction. (fig.1)

Analysss ¢! whote blood coallected from eight neurologically atfected
-borg:naie f-om Groote Eylandt showed six individuais tc have markeciy
ncreasea mancanese concenirations. Eight unaffected ~boriginais ’
'esigen: 1 ine same area snowed normal blood manganese concentrations
(S).

SION OF EQ

The technique as applied appears 1o indicate a possible association
between e-evated blood manganese and the occurence of the “Groote
Eylanc: Syndrome=.

* t~e association is shown to be valid by turther testing it maybe
that these aifected individuals have increased organ exposure to
mangarese through one or a combination of the following metabolic
adbnorms res: -

} increased intestinal absorption of a normal
rangarine joad
2) increased exposure to environmental manganese but a
normal uptake.
3) decreased hepatic excretion of manganese

Future siudies to verify or reject the association between elevated
Slood marncanese and the neurological syndrome should include:-

1) some form of population Survey or surveys of Groote
Eylandt to accurately determine the local “normal” range
of whole blood manganese fevels.

2) comparison of results for affected and unaifected
individuals to check for the association.

3) follow-up studies over a period of some months to
identify varying exposure to manganese,

4} analysis of cord blood to determine the extent of
in utero exposure.

S) manganese body balance studies

CONCLUS:ON .

A me:hod for analysing manganese in whole blood samples by
atomic absorption Sspectrometry has been developed. The technique has
good operational characteristics and shows excellent analyte and
background signal separation.
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Application of the method to a small sample of bloods taken from Groote
Eyland! Aboriginals may indicate some association between elevated bfood
manganese and a neurological syndrome. This association has yet to be

proved
Future studtes should include a population survey 1o assess genera’

exposure and inGwicua! response 1o environmental manganese

I shoulo be noted thai this laboratory is able to carry ot a sma”
scale preliminary survey for no charge. However, should larger scale
surveys or population monitoring be requires (either by the hborigina!
community or by the Groote Eylandt Mining Company for its emplcyees)
some funding would be required o increase the laboratories ana'ytica!

capacty.
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The Barramundi

by

Kneepad
from Time Before Morming by Louis Allen, 1975.
Crowell Co., New York. .
The Groote Eylandt style often features prominent

figures in dashed lines on a background wade black
by manganese oxide rather than by charcoal.

fcological Studifes of Manganese on

Groote Eylandt
T.M. Florence, J.L. Stauber and J.J. fardy,

CSIF0 Civislon of Enerpy Cheamiscry,
Lucas Heights, N.S.W.

1. Introduction

Host manpanese salts have low acute toxicity, and manganese was
thought for a long time to be one of the most lanocuous of elements [li.
The loag-ternm (chronic) toxicity of manganese was recognized later, as a
result of neurolagical disorders with symptoms similar to Parkinson's

Niseasna anpearinc {n some nmanpanese ainers, particularly those in Chile

“roote 'riandt has cxtensive and rich ranganese <eposits which ..
~ined and previde a valuable export for Ausiralla.,  tlhe main Aboclpic:.
villare of Mactirecu Is si{tuated {n one area ol raaganese afnerallzaties,
vith kirh seil aad plant nanganese. A small number of Aborigines have
developed unusual neurological problems which are somewhat si{milar to those
_reported for miners suffering from manganese intoxication, and it was
important te determine 1f these problems (the "Anpururu Syndrome™) wvere
Assacisled wili excessive ranganese {nlase.

In this rav~ecl, an obvious question irs: iF ail the inaabic

An~urucu are uniformly exposed to hirh levels of manpanese, viy are oaiw

1-2% of the population affected?” Tnis question can be ansvercd on Lie:

basis of tndividual susceptibility. In the Chilean nanganese mines, less

than 5% of the miners developed chronic manganese toxicity; one miner may

have been severely affected while his workmate, working beside him for the

NHRL ]
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cone length of time,

air, showed no toxic symptoms vhatsoever [3].

d exposed to the same concentrations of manganese in
an

This phenowenon of

ind1l ved with other ne h as . leod
1dual uuaceptiblll(y has been obser T tals suc .
v
- o smoking. ’ know of
&l beryllium, and also with tobacc ing Most people kn
mercucy and k

s not
8 relative or friend who has smoked heavily all his life yet ha

developed lung cancer or any of the other snoking~-related diseases.

: y fferences
Others with o Illléh lower tobacco usage, succunb Q“‘Ckl . The a1
.

{dual
tn ability to cope uith toxicants 15 believed to result from indiv
d the
variations in uptake rate and clearance rate of the toxicant, an
| ¢, 1nt
tnducibility of enzyme systens which detoxify the foreipn compoun
n >

the
ase of manganese, the cost faportant factor 1is belleved !A! to be
[~

differences in the excretion ability of the liver and kidneys.

in the
This study was undertaken to establish manganese concentrations

e the
{ronment and diet of Groote Eylandt Aborigines, and to compart
env

results with world average concentratfons,

N Toxiculegy of MNinganese

e of
i hou the neurotoxicity of
Donaldson and co-workers [5! have shoun

anganese €O a e as t o din atalvsis of dopami-e
se could aris w result of n{ 11) /% (I11) catalys i
nang: )Y 1 1 * by} i € !

S leights indicat hat thre
fid i{ndicate t t
Our oun studies at Lucas i
oxidation 1in the bLrain.
relevant reactions are:

b 3 ) 3
M2+ 0, — mT + 0
a0 ot — T 4050, (2
T e 027 o+ ot —= T 4 150;
3 * o 3t G ‘N
met, (1) + (232 2@ 4 0y 4 2 —— 2T 4G,
=l ERs 2
We ~emn g™ = ¢ ‘/"ﬁ" + 20 e 2w )
10!\ /‘ J ) 0 =\ J
S NH,

dopanine quinone
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Reaction (1) proceeds only in the presence of a mangunese(IlI)-complexlng
ligand (such as pyrophosphate, citrate or xanthine) and dopaamine. The
products of manganese and dopamine oxidation, fe, hydrogen peroxide and
dopamine quinone, are strongly neutrotoxic. Catalage, the'enzyme
responsible for destroyfng 1,05 1s low fn the brafan, and superoxide
dismutase, the enzyme which dissociates superoxide radical (027). i1s
unevenly distributed [6]. Manganese(11), hovever, effictently catalyzes
the dissociation of 027. Superoxide radical, normally considered a
dangerous species in blological systems, {s nevertheless essential in the
brain for the synthesis of the neutrotransmitters, norepinephrine and
scrotonin l?l. A certain level of manganese may also be essential to
participate In vital redox reactions, but too high a concentration could
lead to serfous toxic effects.

The neurotoaic effects of excess manganese may be, (1) reduction of
dopanine concentrations, (11) production of toxic dopamfine oxidation
products (quinones and semi-quinones), (111) production of hydrogen
peroxide (iv) destruction of superoxide radical. Other metal lons, such as
Cu:*aud Fe2+, can also catalyze these reactions, but they are usually
tightly bound fn enzymes, and not free to participate in reactions such as
(1)-(4).

3. Blood Analyses

The determination of manganese ia blood {s of little use for the
diagnosis of chronic manganese poisoning [J]. Hanganese miners with severe
symptoms of manganism, after removal from the vorkplace, usually had nornal
manganese-in-blood concentrations [3]. On the other hand, apparently
healthy miners, working tn the nine, had high blood panganese. Manganese
in the human body 1s characterized by two half-lives of &4 and 40 days, so
blood manganese can only give an indication of recent exposure, and
provides no ln(otmatlgn about the body store of manganese [2].

Nevertheless, for equally exposed {ndividuals, high blood manganese may

8l 'd
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indicate those with enhanced uptake mechanisms and/or deficient clearance
mechanisas.

Results for catheter—collected (Jan 1987) blood from Groote Eylandt
fonhabitants are given in Table 1. The manganese values wvere determined by
Hr Craham Hams, Clinical Chemistry Department, Prince of Wales llospital.
Neutron setivation anslysis was also carried out st Lucas Heights on some
of the bloods and, in general, good agreement was obtained.

The average blood mangsnese (ug/L) for the four groups (Table 1) wvere:
GEMOO workers (omitting Ho. 1), 8.4; Caucasians in Angurugu, 7.3; affected
Aborigines (omitting No. 7), 36.1; unaffected Aborigines, 13.9. The normal
range for manganese in l';lood 18 6 to 12 pg/L, with a acan (Sydney) of about
8.5 ugHn/L. The Caucasian inhabitants of Groote Eylandt have blood
nanganese values close to this mean, but Aborigines unaffected by the
Angurugu Syndrome have double the Caucasian blood manganese, and those
affected, four times. The affected Aborigines also had low henoglobin
(normal range.lZ-IB g/dL) and low ferritin (normal 25-150(F), 75-260(1:)
ug/L). Therefore, in addition to high blood manganese, they have a lov
fron status (anemfa).

One sample of cord blood from an Angurugu baby delivered in Gove had 41
ugMn/L, even though the mother's blood uas normal (7.2 ugMn/L) and the
concentration of nanganese‘ in the placenta was low (0.12 ug/g dry wt.).

4. Factors that Exacerbate Manganese Toxicity

The following factors are known to increase the toxic effects of
mangancse ls‘
(2a) Low firun(anenia). lron and manganese have a similar uptake mechanism;
anemic individuals have enhanced absorption of hoth fron and nanganese, and
are known to be more susceptible to the toxic effects of this element [2|
(b) Chronic fnfections. Infections cause an increase in the production of

H20; and free radicals {n the body, putting greater strains on the ability

of the cellular ond axtrocellulor ontionidonta to scovenge these toxic
substonces, nlready produced fn oxcass by tha cotalytic octfon of excass
cangonege. Soce notural aationidoats ara vitoolns € ond E, glutathione
ond free rodicol-diccoctating enzyces.

(c) High olcohol tatoke. Tha cztobolion of ethanol liderotes Hy0z ond
free rodicolo, and depleteo tha lfver of thz antfonidont glutathicne.

(d) lov dietary colcfua. Manganeca con dioplace colefun froa narve
eadings ond henca disrupt tha ecatrnl merveus gyotea. Thic o core 1tkely
to happea in oa (ndividual uicth high cangoneoe ond lovw colefus ototus.

(e) Low zinc status. 2Zinc protects sulfhydryl groups (e.g., glutathiena)
froo oxidatfon by H20; ond free rodicals. Theoe coapounds ora therefore
zore susceptible to snngonece toutcity when zinc fo depleted.

5. Hanganese {n swest and urine

Three Aboriginal brothers freo Angurugu, ona deaced oo severaly
2{fected by the Angurugu Sydroca, oaa coderately affected, ond eng
unaffected, vere brought to Sydmey for cedicol tests. In all three coses.
the urine (<0.3-1.1 ugitn/g craatiatac) ond scouno gweat (3-11 ugHa/L) were
vithin the ronge found for Lucas Hafights controls.

6.  Chelatfon Theropy

The three brothers tdntioned obova were trasted ot Priance Ihnx'-y
Hospital with calciun ethylenadicotnetcetroacetic orid (EOTA) tn an otteapt
to reaove excess body oonganase. Urine onolysis chowed, howewer, that
after correction for the mangonese blank {n the Co-EDTA. no asnganese vag
renoved by the chelation therapy.

7. Hanganese {n haic

Hatc concentrates trace eleceats froo blood supplying the hatir
follicle, and hence mangaacsa fa hotr should be an . indicotor of blood
levels of this eleoent. In odditioa, simce ocalp hofr grows ot tha rate of
1.0-1.3 ca/oonth, chonges along tho length of o hoir should be o record of

choaging blood concentrotions duriag that portod,

6l'd
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Thic 1daal oftection 40 coaplicatad by aexternal contoaination of the
hair - froa dust, ohkaopooo, ond hal? trentcant uhich ooy odd or cubtroct
elaczats froa tha hnlr; Honganeca 1o onc of a group of clecento kooun to
increase along the length of o holc aven when blood concentration of the
eloczat {0 constaont., Thic was beliaved to bo due to fncreaced
enviroacentol axposure to tha elecent oo tha hair grew, but our research
hac chowa th;t the tacrcase raculto frea owaot elutfon. Sweot glonds mear
tho hofr root produca ocwaot which trowels up the hoir, dicscolving nanganese
froa dusct porticlas on tha hale, ond concentroting the eleceat towordo the
tip of the hotir. Undar theoa coaditions, hair s acting ao 0 wick or
chroaotographie column, with gvest oo the gluant. This phenocenon occurs
only with those aleceats that foro 11pid-soludble cooplexes with sweat. To
overcone this exogenous effect, o plot of congonese concentrotion in washed
hotr vercus length fron scalp wos coanstructed for each halr goaple, and the
groph extrapoloted to zaro length. Thic “gero-length™ cangonese
conccnttotlon'ahould reprasent the hair conganese unaffected by external
foctors.

A suanacy of results 1o shown in Table 2. All Groote Eylandt
tnhobltants had hair mongonese volues higher than Sydaey residents,
probobly os o result of a contiauous, olbeft low, fntake of excess
nsngonese. Aborigines had cuch higher canronese in hafr then Caucasfans,
olthough there wos no significont difference between sffected and
unaffected subjects.

8. Manganese in Alr and Vater

Manganese in ailr in Angurugu (overape adout 5 ugNnInE) 1s 100 x the
Sydney and European overoge (Table 1). llovever, manganese in oir would
contribute only about 0.1 og nonganese/doy to the f{ntake of an Angurugy
tesident, and so would be on insignificont percentoge of total intoke
unless, of course, reopirad congonese 16 particularly toxic. Manganese lf

3
Angurugu ofr 1s well below the occupationsl lfafit of 200 pg/a”.

Hanganese in the village tapuwater and the Anéurugu River appears to
vary seasonally, up io 10 x the Sydney and world average. However,
manganese from this source would amount to, at the most, 0.3 mghn/day, and
so would be fnsignificant. Calcium {n the Angurugu River (0.2 mg/L) wvas

very low, only 0.01 x world average.

9. Manganese in Traditional Food Sources

Some traditional (“bush tucker”) food samples were collected from the
Angurugu old village g;rden areas (used extensively before 1970) and
analyzed for manganese (Table 4). Some of the foods were exceptionally
high in manganese, and contafned 3-100 x the world average for these
{tems. A peeled yam, for example, had 660 ugMn/g (fresh wefight), compared
vith 5 ugHn/g in a Sydney carrot. On this basts, one 20-g yam would supply
1) wg of manganese, or 3 x the recommended daily allowance (RDA) of this
eclement (4 mg).

fofled ("billy™) tea extracts about $ times the amount of manganese

irom tea leaves as does brewed tea. One litre of billy tea would contatn

6-7 mg manganese.

10. Manganese in Sofls
——=b7ncse 'n Soils

Soil samples in the old Angurugu garden areas (Table 5) were
exceptloﬂally high {n Ranganese (up to 100 x world average) and very low {n
calcium (0.04 world average). Sofl kauples taken neac Aboriginal houses in
Angurugu were about 10 x world average {n manganese. Umbakumba soil was

very louw in nanganese.

il. Hanganese in Organs of Experimental Animals

Organs of animals captured near Angurugu varied considerably tn
manganese content, but some were particularly high, e.g., thymus, adrenals,
spleen, and the brain (Table 6).

12. Conclusfons

I have reached the following prelimtnary conclusions from these

0¢'d



1. Angurugu Aborigines have a high intake of manganese, but the actusl

amount is very difficult to determine. Afr and water contribute

insignificantly to their total *intake but, because of their “close to the
earth™ living, relatively poor hygienme, and the high manganese content of

Angurugu solls, ingested manganese may be considerable.
2. Before the store was opened in 1970, Angurugu Aborigines used about
802 "bush tucker™ in their diet. This bush tucker consisted largely of
vegetables and fruft grown tn the garden area, which has extremely high
soil manganese. Their dietary mangane;e from this source alone could

easily have been 100~200 mg manganese/day (25-50 x RDA). At present, bush

tucker constitutes only 10-20Z of their diet, and may not be as signtficant
as damper cooked in the earth and billy tea.

3. There is no knoun way of measuring, in vivo, the total body burden of
manganese. Blood and halr only indicate manganese in readily exchangeable
pools such as soft tissue, and chelation therapy appears to Le
{neffective. -The avallability of autopsy samples would hclp considerably.
4. Anenia, chronlc Infections, high alcohol fntake, low dietary calclun,

and low zinc status are factors that exacerbate manganese toxicity, and are
comnonly found in Angurugu Aborigines.
5. Hair analysis suggests that Caucasians {n Anguruguy, and GEMCO workers,

have a higher manganese intake thaa non-exposed persons, but much less than

the Aborigines.
1%. Future Work

1L believe that the following work {s necessary to clarify the question
of excessive manganese exposure {n Anfurugu.
i. additional bLlood analysts. Although 1t is well established that blood
manganese analyses indicate only very recent exposure, they may pinpoint

{ndividuals with a defective clearance mechanism and/or enhanced uptake

Every attempt should be made to collect cord blood and hair

mechanisn.

- 31~

manganese {s concentrated across the placenta. Control cord blood samples
vould also have to be collected because l{ttle {s known about the normal
manganese concentratfon in cord blood.
2. Autopsy samples can be rapidly and non-destructively analyzed by
neutron activation analysis. As many as possible should be collected.
3. An attempt should be made to esﬁlmate the bioavaflability of manganese
in Angurugu solls. Standard procedures could be used for this.
4. Hair analyses of people who have lived on Groote Eylandt and left
should be carried out to determine 1f, and how rapidly, manganese in hair
decreases when exposure to this element {5 removed. If levels remafn high,
it may mean that hair can be used as index of body burden of this element.
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TABLE 1 BLOOD ANALYSES OR GROOTE EYLANDT INHABITANTS

Subject

1. GEMCD workers

VB WN -

6(F)

1(F)

8

9(F)
10

2. Caucasfans {n Angurugu
1(F)
2

N
a(r)

3. Affected Aborigines

1(F)
2F)
P
4
5
L1

1(F)*
4. Unafiected Aborigines

L(F)

IF}
4

9

Mn~
ug/L

~

- o N
NI
woOow

AN ONVY
h
[P PORV- I

P

(V-2 I R
.« .
om0

Fe
ug/L

503
454
420
407
498
364
406
495
391
448

419
413
361
359

331
297
35¢
191

361

Hb
g/dL

16.6
15.5
14.2
14.9
16.1
13.3
14.5
16.8
14.1
15.9

13.8
15.1
12.1
12.7

11.3
10.4

8.9

13.1

Ferritin
ve/l

233
280
124
146
165

158
93

53
125

354

96

TABLE 2 MANGANESE IN HAIR

Subjects Hean manganese, ug/g
Sydney 0.520.2 1.3;0.5
GEHCD workers 2.240.8 3.020.4
Caucasians in Angurugu 2.5%40.7 7.9%4.1
Unaffected aborigines 1525 21+5
Affected aborigines 913 2347

*Extrapolated to zero length.

TABLE 3 MANGANESE IN AIR AND WATER

Sample

Angurugu Sydney World Average
Tapwater, ugMn/L 4.3(8/85) 5.8 -
70(1/87)
Angurugu River, ugMn/L 27(8/85) - 8(for rivers)
97(1/87)

Alr, uan/m] 23(3 o from road) 0.05

0.04( European)
1.2(10 @ from road)

*Lived in Umbakumba for 15 years.

TABLE & HANGANESE IN TRADITIONAL FOOD SOURCES
QOLLECTED FROM OLD GARDEN AREAS*
Sample ughn/g fresh weight
Angurugu Sydney
Fish, Angurugu River 36 0.3
Oysters, Mud Cod Bay  0.25 0.05
Yam, young 657 Stw
Yam, old 484 Sk
Citrus fruit 0.85 0.3
Banana 79 1.5
Billy tea 6.7 -
*U.S. fantake: range 2-9 mghn/day, nean, 3.7 ag/day.
*%Root vegetables,
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TABLE 5 MANGANESE IN SOILS

Manganesc, Y dry wvelght*

Source
Near Angurugu houses 0.2-1.2
Angurugu road 4.1
Old o..nn-:.nn 1.4
0ld vegetable garden 4.6
Cassava plantation 0.11
Banana plaatation 4,2
Mud Cod Bay sediment 0.33
Emerald River scttlement 0.15
0.002

Umbakumba

#World average soll has 0.05% manpanese.

TABLE o MANGANESE IN ORGANS OF EXPERIMENTAL ANifALZ

Manganese, ug/r, fresh weipght

Organ Angurugu Sydney Groote Sydney
Helomys* rat dog dog,

. Thymus 2.5 0.24 - 0.49
Adrenals 4.2 - G.17 0.05
Spleen 1.7 0.24 Cc.27 0.33
Cerebellun 1.1 0.45 1.4 0.50
Choroid plexus 1.5 9.%9 8.1 0.90

*Bush rat.
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NEUROLOGICAL DISORDERS ON GROOTE EYLANDT

Dr Charles Kilburn*

i isorders & beiween one and
plai surological disorders affect .
sual and poorly explained neuro 0 af o
lli?:s:clrccm oF the Aboriginal population of Groote AE)ll.:cndl. l(i:n(;:ncicn:: hese
walformations and psychiatric dislurhanccs.lmve also l.'r::| nked fo the
groolc Eyland1 syndromes (Cawie 1984) Rich mangnrl\cscc Iecz S i cutation
i iging fement of Angurugu bhav
nd the main Aboriginal sctt . d \
:::(’:u the possible role of manganese in these disorders.

For the past two years | have been resident on VGroote Eylandl.d e&w:é?gaeld by
o Uni prsil of New South Wales under a Nat:oqgl Heal(h_an O ac
Re UﬂlV: Coyuncil grant to investigate these conditions. This reseircﬂorence

Reseair: conjunction with laboratory studies carr_igd out by Dr Orlasr oy
b;eerr‘\ C.S.LR.O. at Lucas Heights Sydney, Dr William Webster a_l ' ys -y
Unive t .a.n& fatteﬂy Graham Hams at Prince of Wales Hospita ‘ yfn ihis
g?c;\l,:;zloi John Cawte was responsible for instigating and coordinating

research.

ini i then
Firstly | would like to discuss some resulls periaining to birth defects,

i i recent
to describe the neurological illnesses and finaily to discuss some
blood manganese findings.

i i i rmations
In an effort to determine if there is an increase in congenital malfo

| reviewed the birth records of all children born to At:(;:;ggn{a“ll ;::;erf\ilrsst of

T he first of January

ident on Groote Eylandt from t . A
:leasnlggry 1985. This cohort was also physically _exammed a(j;egairrl‘ t::]ea came
population survey. Another Aboriginal commf.;fu(y lwc;'s'e:::u;e A
significan
a control group. There was no s A
mié::ce or the spectrum of of conge_m;al q::lfc:'r‘r:at::i\;n;?:n:!';a:’hselilIbmhs
illbi wi
inci of stillbirths was also studie he ration o
lr:'nuz;lder::;‘raesenl the severe end of a spectium ¢! u_::.m.ge'r;;‘c s;(:s:es Ihese
1a!yisiics were obtained retrospectively from local h«;a e o
Snd community census information. Dalg were cross ¢l e:: 1ed 319 S dence
ta1 ital records. While cross checking is not fully comple eh.“ve e
o?stroote Eylandt stillbirths, 12 in a lotalhot{'gef_snbaln?:la?o;' e A e
ifi i 7 the i
{ is not significantly higher than ‘ 7 .
(s;glrll?t%rln.grl:"p Th(-:-g general health status of these !\\o c‘()?rt(\:gm::r v:?)oo
" i imi infant monality rate

s evidenced by similar in al of

cGOg\;aeraé)Jgnzr 39 per 1000 controf). This shouid control for the effects
r B '

e . ons.
eneral health on the incidence of stillbirths and congenital malformatio
[¢] !

i i roote
Next | wcu!d like 10 describe the neurological ﬂlngsses unus.ua;i\l’?:mGdI
E(yaiandt My enquiry into the neurologicul status of .lhe‘Groo;:"_CClCd
nes | S ‘0 lines: ¢ amination o
e 48 ceeded wlong two lines: an examii :
borigines has procee '2 es: . 1 ffected
:ldi\'iauuls and a comprehensive survey of the childhood pop

Wales.

Aboriginal children boru since 1/1/75 have been ncurodevelopmentally
assessed coincident with the community survey for birth defects. Since the
Groote Eylandi Aborigines are in many respects still tribal and have had
limited contact with the outside world umiil relatively recenily, any
discussion of these results requires a socially and culwrally appropriate
control group study for comparison. | have just finished an examination of
such a control group but have not completed analysing the duta, Therefore |
will confine mysclf 1o a description of affected individuals.

tnformants drawn from both Aboariginal and Europcan scctions of the
community.were asked (o list peoplc with problems of weakness, gait,
coordination and ocular movements. These arc the major manifestations of
the Groote Lylandi disorder being studicd. Aficr physical examination and
study of their medical records those individuals whose disorders were
explicable by other diagnoses (c.g. cerebrovascular accident, cerebral palsy,
trauma, etc) were climinated. This lefi a group of patients most of whom
segregated readily into two clinical syndromes. This group includes most of
the patients described by Kiloh e al 1980).

One patient, an Angurugu inhabitant who earlier described the onset and
progression of his symptoms, exemplifies one of these groups of cases. This
group, characterised by ataxia and ocutomotor disturbances. falls into the
clinical grouping of spinocerebellar degenerations. Five individuals are
currently affected by this disorder, four of them sharing one father. The
other case 1s unrelated and currently lives at Numbulwar though he spent his
school days and early working life on Groote Eylandt. The onset of symptoms
is insidi i h or fifth decude. Uansteadiness is the usual
presenting complaint. Gait is ataxic and wide based, with arms outstretched
seeking furniture or walls for support. \When turning, staggering is
prominent. Other signs of cerebellur dysfunction are present including
incoordination, dysmetria, intention wremor and dysdiadochokinesis of both
upper and lower limbs. Nystagmus, both at rest and on upward gaze, is-

c severely affected individuals, as js limitation of
upward gaze. Convergent gaze is diminished in all cases,

The second syndrome is characterised by muscle wasting and weakness.
Clinically it is a form of motor neurone discase, with a prenatal or a least
early childhood onset. Weakness and wasting is predominantly distal and
affects the lower limbs more than the upper. Muscle tone is generally low,
although two of the older and more scverely affected cases have increased
extensor tonc in the lower limbs. Decp tendon reflexes are brisk in most
cases, especially in the lower limbs. Even in those cases with profound
weakness and wasting, reflexes are generally surprisingly spared. Foot
deformity (1alipes equinovarus and/or pes planus) is universal and often
noied at binh, sirongly suggesting a prenatal onset. Spinal deformity
(kyphosis or kyphoscoliosis) is also present in all but the most mildly
affected. Striking laxity of the ligaments and small joint hyperextensibility s
a promineni feaiure in most -cases, demonstrated by spontancous swan neck
deformities of the fingers on extension and passive extension through > 100
degrees at the metacarpophalangeal joints. This suggestion of connective
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i v i {1, almost plasticene-like skin
i isorder is supported by a curious soft, 2
rextor dl::dt mild skin hyperextensibility, but wuhogl cv!dencc of abnor;m:rl‘e
:ec:::::g or casy bruising. Some of those affected with this syndrome a

‘children or grandchildren of individuals with spinocerebellar degeneration.

The others with this syndrome are unrelated to anyone wilh- spinocerebeflar
signs but can be grouped into a separate extended family pedngr‘ee. The
inheritance shows a familial clustering but does not comply with a

Mendelian pattern (Figure 1).

FIGURE 1.
A .

A. Condensed pedigree of fumily 1.
it. Condensed pedigree of family 2. R
: als 3 s of oflspring.

Enclosed numerals represent numbcri Q = '

In B. "W" with subscript indicates wife number. None of the progeny of the

offspring of wives 3. 4 or 7 are affected and ¢» have been omituted.
Junetfected mele O Unaffected femele
&3P cese with amyotrophic syndrome . ’
€22 case witn staxic syndrome 1
O Unclassified neurotogicel disorder . i
l

both syndromes.

Finally | would like 10 discuss some recent blood manganese results. Earlier
efforts at estimating manganese status of the Angurugu population had
concentrated on analysis of scalp hair. This was because we hoped scalp

airfficult, as evidenced by the wide range of normal values quoted in the
literature (Halls and Fell 1981), but together with whole blood levels are
also said to be of no value in diagnosis of manganese toxicity. As Dr.
Florence has indicated, scalp hair manganese assays were increased
amongst Angurugu inhabitants, but probably were still only representative
of the rapidly turned over pool of manganese. -

In November 1985, three brothers from Angurugu were transferred to Prince
Henry Hospital, Sydney, for neurological investigations. Two were alfected
with the spinocerebellar disease and the other was a normail sibling. As a
7ew assay for whole blood manganese had recently been developed at Prince
of Wales Hospital, blood was collected from all three brothers. The results
showed that the two affected cases had elevated whole blood manganese
levels (640, 630nMot/L) while their unaffected brother had a normal fevel
(390nMoirL). On receipt ‘of these results blood was collected from a further
five people affected by the motor neurone type syndrome anc. from four
unaffected Angurugu Aborigines. The unaffected people were selected from a

Blood was also collected from a total of fourteen non Aboriginals, four
resident at Angurugu and ten employees of Groote Eylandt Mining Company
living at Alyangula. Including the results of the three brothers tested in
Sydney a total of twenty six specimens have been analysed for blood

“manganese (Tables'1 and 2).

similarities are apparent. Yase (1972) found elevated manganese levels in
spinal cord tissue taken from ALS oatients from Guam and the Kii peninsular
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in Japan, where high Jevels of thic mctal are present in soil and water.
Recent studies have also found an increase in manganese levels in the spinal
cords of patients dying with motor neurone disease (Miyata et af 1983 and
Mitchell et al 1986).

TABLE 1.

Results of whole blood manganese analysis.o! Angurugu Aboriginals

Sample# . Blood manganese Sex Status

(nMol/L)

1 640 male spinocerebellar
2 630 male spinocerebellar
3 710 female motor neurone
4 660 female motor neurone
5 170 female motor neurone
6 285 female motor neurone
7 770 male motor neurone
8 465 {female unaffected
9 180 male unatfected
10 305 female unaftected
11 320 ~ male unaffected
12 380 male unafiected

TABLE 2.

Results of whble blood manganese analysis.of Non-Aboriginal residents of
Groote Eylandt.

Sample# Blood manganese Sex Residence
’ {(nMol/L)
1 160 female - Angurugu
2 175 female Angurugu
3 105 femadle Angurugu
4 90 male Angurugy
5 405 male Alyangula
6 110 male Alyangula
7 180 male Alyangula
8 165 male Alyangula
9 230 male Alyangula
10 195 fematle Alyangula
11 125 female Alyangula
12 115 male Alyangula
13 140 female Alyangula
1. 115 male Alyangula

-4 ~

It is unlikely that the elevated manganese levels found in neurologically
affecled cases is direclly causal, as whole blood manganese probably
reflects only very recent exposure. However it may be a marker of an
abnormality in manganese metabolism which could predispose to manganese
accumulqtion. If this is so, it should allow identification of those at risk.
Another interesting observation is that even unaffected Aborigines living at
Angurugu have higher blood manganese levels than Europeans living at either
A"QU_N{QU.OI Alyangula. This suggests that some faclor related to
Abongma!ny or an Aboriginal lifestyle predisposes to an accumulation of
manganese in whoie blood.

In summary | could demonstrate no evidence of increased congenital
malformations or stillbirths occurring on Groote Eylandt when compared to
another Aboriginal community of similar health status. There is however a
strong suggestion of an association between elevated blood manganese
!eve]s and neurological disease. This must be cause for concern, particularly
in view of the known neurotoxic potential of manganese. | am about to
conduct a case control study in an attempt to clarify this apparent
association.

Cawte J. (1984) Emic accounts of a mystery illness: The Groote Eylandt
“s,\-ndromc. Australian and New Zealand Journal of Psychiatry 18; 179-187.
Kiloh L._G.. Lclhlcap A.K., Morgan G.. Cawtc J.E. and Harris M. (1980) An
c.ndcmxc ncufologtcal disorder in tribal Australian Aborigines. Journal of
,.Ncurolog_\'. Ncurosurgery, and Psychiatry 43; 661- 668.
\::sgc’ \7.921972) The pathogenesis of amyotrophic Jateral sclerosis. Lancet 2;
H;:ls II:.J anthcII G.S. (1981) Determination of mangancse in serum and urine
v clectrochemical atomic absorption spectrometry. Anyalytica Chimi
Acia 129; 205-211) " v Ayaies Thme
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A nugget of manganese ore in the form of pisoliths,
obtained in the village
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WHAT ONE PATIENT TAUGHT ONE EPIDEMIOLOGIST

Professor John Cawte

What is epidemiology?

Epidemiology, according to my Webster's dictionary, is 1: a science
that dcals with the incidence, distribution and control of disease in a
population (as of animals or plants); 2: the.sum of the factors controlling
the presence or absence of a disease or pathogen; 3: the ecology of a
disease or pathogen.

For the mental health epidemiologist such as 1, none of these
definitions is really adequate. We can't study what are generally called
discascs, though some of us give patients classifications that sound like
diseases, such as mania, depression and schizophrenia. Most members of
my profession consider this too narrow an outlook. When we study patients
we look successively at a range of processes in the mental life, in the
body, in personal relationships, and in the physical environment. We call
our viewpoint holistic, rather than categorical. 1 teach students what ~
I'd call "perignosis* rather than "diagnosis”. That's what psychiatry is
about.

Our work is complicated and time-consuming, and we are easily
criticised by cpidemiologists who want to ask more specific questions than
psychiatrists usually ask, making the human problem more simple. It would
be pleasant if it were! 1 learned psychiatric epidemiology in part from
a famed Canadian teacher at Harvard in the 195t .Zlcxandcr Leighton,
who developed those historic studies of what he ca.ied "The Character of
Danger*” of a Nova Scotia community which he named Stirling County, and
another he called by its correct name Midtowr: Manhattan. Some of his
techniques can be found in my own book on this subject dealing with
Australian tribal people, entitled Cruel, Foor and Brutal Hatiors (1972).
This is the name that the Dutch explorer, Jan Carstens, gave to the folk
of Mornington lsland, south-east of Groote Eylandt. For today's purposes

1 only wish I had studied "The character of danger" at Groote Evlandt. We ~
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should then be further ahead. ! mention this work to show that ! studied
mental health epidemiology among tribal people, and that it is a dif%crent
problem from what many more urban epidemiologists imagine. For a start,
you have to be something of a linguist, an anthropologist, as well as an
effective doctor, who wins their confidence through his relief of their
sufferings. One must therefore smile, a little sadly, when experts who

do not attempt these skills tell us from an office how to run our business.

He have worked on Groote Eylandt too briefly. For me it's mainly
on vacations. The first thing I learned about this disease complex that
affects them is that you can't classify it easily. I[t's not clearly
spelled out nor defined in any of the books that I have read. I decided
that I had to start with a single patient, offer a continuing relationship,
earn his cooperation and then put together all the facts one could learn
in those four domains in which he lived : his mind, his body, his society
and his environment. Any of the four wight help, none could be disregarded.
Some facts fade and others grow bolder as time rolls by.

The single patient who has helped me most in defining this
unusual problem has been kind enough to come here to this meceting today
for you to meet him and hear his tale of illness. He has let me run some
tests and trials to define his illness. 1 shall tell you about these tests,
made in the hope that they will clarify. In doing this, hc has shown
courage, hope, persistence and cooperation - all stirling values in his
make-up as a man. His English, and rapport with me is good, partly because
he had training as a motor mechanic in Adelaide. He welcomes our team to
Groote Eylandt not just for himself, but because of his concern for the
future of his family and the other persons affected. There is a nobility

about his suffering that deserves some recognition and esteem.

This man is 45 and has been increasingly affected for about 10
years. We shall not go into details of his symptoms here, as we have
reported them several times in the literature. Neurologically. he is
affected by an upper motor neurone disease - A.L.S., causing stiff movements,
and by oculomotor disease causing poor vision and distance judgment, and
by cerebellar disease causing poor balance and a wobbly gait on widely-
spaced feet. He cannot walk backwards; he would fail. In addition to

his spino-cerebellar disease, some judges wculd ncte signs of bulbar

e
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palsy. WHe have neurological test findings that confirm these obvious
signs and symptoms but this is not the place to detail them.

He has been admitted to my hospital in Sydney, which locals call
The Coast, on several occasions. Firstly he came with a group of other
patients with similar conditions. Then he came with his wife and
children, whom we lodged in the hospital's "motel" near the chapel,
overlooking beautiful Little Bay and our own private beach’ surrounded by
cliffs. Last November he came with two full brothers, an older one 55 and
a younger one 35. The older is also affected but the younger is not.
At weekends the four of us usually went driving - for example down the
South Coast to sce our old missionary friend, Mary Eves. So much for

his inpatient status.

Let me indicate the various findings which he was the first
patient to reveal. The same tests and studies might be offered to other
patients. I cannot accept the criticism that Dr Kilburn and 1 have
failed to carry out all these tests on everyone. Give us the time and
the staff, and we will. When we have done all that, maybe we can conduct

epidemiclogy in the sense our critics suggest.

HIGH BLGOD MANGANESE LEVELS

This patient was the first of the cohort to show a high level of
manganesc¢ in the blood. Last November his level was found to be 640 nanomols
(n mols). Mr Graham Hams today discusses the atomic absorption spectro-
metry he uses for trace elements in the Clinical Chemistry Department of
the Prince of Wales Hospital at Randuici. At the same time, the level of
brother "scnior” with a similar but milder neurological syndrome was found
to be 630 namomols. I once freed "Senior' of a police charge of being drunk
in a vchicle. 1 wrote a letter indicating that his staggering at that
time was, in my opinion, probably due to this neurological disorder. The
blood manganesec level of young brother "Junior", who is unaffected, is

much lower, at 320 nanamols.

But all these levels surprised us. The literature did not suggest
they would be found. It has two half-lives, both fairly short, as Lr
Florence tells us, and blood manganese only suggests recent exposure.

Ur Kilburn conducted further blood tests in the vicinity, with similar

findings in most of the neurologically affected patients, though normal
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Table 2

in others, including some Europeans. He will conduct more, at the The time incidence of disorder of movement (limb weakness, cerebellar

Community's request, when he has time. Mr Graham Hams in Prince of and eve movcments_and connective tissue disease) on Groote Eylandt,
1945 - 1985
Wales Chemistry is waiting for the samples.
Casz Pedigrec Year Sex Onset Weakness Ataxia Ocular Connective
Two neurologically affected subjects who live at Umbakumba do No of Move- ° Tissue
not show high levels of blood manganese. Apart from current non-exposure Birth ments Disease
. (the métal is not ambient there) I don't know how to explain it. ' H 2 1982 £ Child e - - +e
Perhaps it is lack of expt;sure to manganese latterly? Perhaps it's a 2 2 1977 M Child ‘44 - - -+
difference in susceptibility? - metabolic? - nutritional? - Family? , 3 2 1975 M child . _ .- -
- Other? We don't know. But look at my tables, 1 and 2. 4 1 1972 F Child ++ . - + e
3 1 1968 F Child  +++/++¢ - +/- -
Table 1 6 2 1962 F Child  ++/+ - - N
Manganese found in whole blood in 26 individuals at three townships of - 1 1961 F Child - _ . -
Groote Eylandt i . ] .
(Note: initials have been coded to protect identity) & 2 1960 M Child + - - 4t
. E 1 1958 M Adol ++ + ++ -
CNS Blood Mn. N )
Initials Age Disease n mol/1 ‘ P 2 1956 F Child +t/+ - - ++
Aborigines in LM, Adult Yes 630 - ! 1945 P Adel bt - - -
Angurugu L.M. Adult Yes 640 1z 1 L1943 M Adult + ++ ++ -
T.M. Adult No 390 : ) ) ‘
"S.N. Adult Yes 710 . 1 194C a Adult . e e -
S.B.N. Adult Yes :’gfs’ : i 1 1933 i 2Chila . . - -
. Infant Yes -
g.i A:ult No 180 e 1 1939 T adult ‘44 - - -
T.N. Adult No 305 2 1 1935 F Adult + +e + -
U.M. Adult No 320
WM. Child Yes 770
105
Caucasians in M.L. Adult No _
Angurugu 0.L. Adult No 90 CHELATION
K.X. Adult No :(752
N . L .
hiincionaaas M.E. Adult o 285 OQur friend here is also the first patient whom | tried to chelate.
. s Yes r
8::';5;:” in ﬁ’g' ﬁ::: Yes 170 Mznv merals, of which lead is perhaps best known, can be rcmoved from the
a| a .C.
Caucasians in v.u Adult No 405" belv by administering substances which have an affinity for them, and are
Alyangula B.X. Adult No :;g taen excreted. | could have chosen penicillamine as chelating agent, but
No -
i.(‘).' :::i: No 165 after a study of the literature I.chose calcium versenate or Ca:EDTA.
H.B. Adult No 230 :
E.O. Adult No 195 Here is a summary frow nis hospital discharge summary of 3rd
M.C. Adult No 125 ’ boe -
N.U. Adult No ° 11S ] zcember, 1986:
L.X. Adult No 140 § . . . ) -
E.T Adult No 115 . Other investigations wers undertaken in conjunctiorn
M with Dr Hark Florence sf CSIRZ. They included treatmen:
Note: Trace metal chemists have advised us of two reference ranges for with intravenous calcivm IDT: in an attempt to boost
this metal: 100~350 n mol/L, and 100-500 n mol/L. manganesc excretics in Tne urins. Results indicate
¢ This surprisingly high level, in an apparently well person, was

thet tnis indeed does cromote manganese excretion and

may have & place in proznylaxis of this condition

replicated and found to be very similar on the second test.
’ for vounc¢ Groote Evlandters.
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Unfortunately for this hypothesis, Dr Florence later reported
that the agent calcium EDTA itself may have been suspect of containing
trace contents of manganese. Next time 1 shall get the agent tested by
him beforehand, or use penicillamine. it should be noted, too, that
Dr George Cotzias, the American investigator, found that chelation,
even if it is valid, may offer little clinical comfort to established

(chronic) ‘suffercrs.

CARBIDOPA ADMINISTRATION

He is also the only patient to have had Carbidopa, a form of
L-Dopa. The substance was first given by this American, Dr George Cotzias
in 1968 to affected manganese miners in Chile. It is still given to
patients affected there by motor neurone disease, as it reduces their
symptoms through its action on the neuro-hormonal profile. More recently
{Guidice, 1986) found it to help rigidity and spasticity patients after
head injury - voice and movement. They benefit from increased dopaminergic
function and improve in consciousness. (Mary Ann Guidice is a Detroit
neurologist). Dramatic advances were made in neuropsychiatry in the 1960s
from improved knowledge of the neurotransmitters. In more recent times,
increasing attention is given to the trace elements, especially manganesc,

in the production of catecholamines.

We did not then know that he had a high blood level of manganese,

though we knew that he had a high hair level, through Or Florence of CSIRO.

I gave him Sinemet tablets containing Levodopa 250 mg and Carbidopa 25 mg.
I made videotapes of his walking before, during, one week after, and two
weeks after these treatments. I named the films “Red", *Blue” and "White"
respectively, corresponding to the colour of his jackets. I convgned a
group of qualified neurological and psychological colleagues to appraise
the performancé on 10 parameters. These judges were not told of his
condition, nor its treatment. “After treatment® scores showed great
improvement. T tests showed p<.001. I shall now show you these films:

see for yourself.

After Sinemet he walked faster and recovered his balance quicker

after lurching.

Qi I

[

After the first tape the patient was given a low dose of Sinemet,
which was gradually increased over the next few weeks to a maximal dose
of 7 tabs q.i.d. The further two tapes were taken in the same setting,
at weekly intervals. The patient felt improved, saying that his joints
were less weak. He walked with less falling.

In my view there was also an improvement in his mental state. He
was quicker in speech and thought. There was a lifting in mood,

conversation and activity, with more attention and more smiiing.

We discontinued Carbidopa treatment after he returned home,
believing that he was again exposed to manganese. As well, this is not
an easy treatment to supervise. Raising the dopamine by this means may
deplete amino acids methionine and cystine, which should be supervised.
Also, when this treatment is given for those affected by manganese, it
is not usually given to those with structural damage, but only to more

acute cases. This is the recommendation made by the WHO Health Criteria,

anyway.

At least we studied how he responded to these two recommended
approaches, chelation and L-Dopa. Manganese-exposed patients should be
removed from the site of exposure. It might have seemed wise to most
obscrvers to suggest that’he. and other neurologically affected patients,
move to an unexposed site. Alas, for him it is HOME! We shall cansider
this problem later today.

Meanwhile, this single patient compelled us to study whatever was
known abcut the role of manganese in health. For this we thank him. As
suggested, possibly the best library source used to be IPCS - International
Program on Chemical Safety, Environmental Health Criteria 17. MANGANESE,
¥.H.0. Geneva, 1981. Ilts contents might be indicated here, for those
interested. It extends over 100 pages, including references. Other

good sources will be cited in References.
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ENVIRONMENTAL HEALTH CRITERIA FOR MANGANESE

1. SUMMARY AND RECOMME.\DATIONS FOR I-'URTHER

STUDIES .vuvvececiuaromravesaassosrasnasnesesssaansasnncsces . 9
1.1 Summary . 9
L An:lvlncal methods . b4
112 and p s ot .9
113 Essenu:lh!y o( m:m(antse . 10
14 B of en .
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SONE_CAUTIONS ON THE USE OF
ETHNOGRAPHIC EVIDENCE IN HEDICAL RESEARCH

' David Turner, Professor of Anthropology
University of Toronto

One of the current theories of the cause of the Groote Eylandt
Syndrooe is that it wos triggered by o breakdowm in the troditional
Aboriginal parrisge systeo. That i3, it i3 o biological consequence
of too close narrioges or inbreeding. Indeed, in his article “Enic
Accounts of o Mystery Illness™ in the Australisn ond New Zealond Journal
of Psychiotry (1984, Yo1.18:179-87) Dr John Coute reports thot such an
association was nade by the Aboriginal people thenselves:

Hy informants maintain in offect that wvhon the kinchip and

narriage systen basad on geroatocracy and polyqony waa

abandoned precipitously, in favour of the codern gyston of

conogany, the ‘bird diseasae® ecerged around tha sane tica
(p.18S).

Marriages had, in foct, token place vhich were “too close™. [t
would be 21l too easy to see in this evidence of Aboriginal guoreness
of a relationship between inbreeding and illnesses like the Groote Eylandt
Syndrome, and Cawte correctly cautions against doing so. The *“too close"
marriages in question are teroed warnigarangbidja ond refer to s situation
in wvhich the cother of the woaan i3 in the sooe clan and generation as
the father of the nan (father ond son are alusys in the sane clan).
Next to parrying wvithin one's ovmn clon ond “side™ (or grouping of clans
of which there are four, further grouped finto two), the closest oarrioage
from the Aboriginal point of view is a uamlgqranudja one in vhich the
man's father and the wooan's rother have the sace clan allignce histories,
that is, arc_actual brother and sister. There is no evidence of any
intra-clan or intri-"side" narringes uvithin genealogical nemory. As for
the evidence of warnicarangbidja unrriz;aes. between obout 1945 and 1969
the Aboriginal people allowed six such narriages to occur though none
50 close that the pan's father and the wooan's oother were actual brother
and sister, However, as | report in oy book Tradition and Transformatioh
(Canberra: Australian Institute of Aboriginal Studies, 1974), “this

decision was reversed and none of the ten oarriages contracted since
then (1969) falls within the prohibited category" (p.63).
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That wos in Groote Eylan
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le nlso ossociote the oppeorance of .

e tning ond it would be prenature to drav T et

e end utte too. that Aboriginal people are doing -

e ei‘Q::s:e::uld do: foroulate o nunber of testable hypot

any good scien

n aper, Or ot of his nfornants
In his paper, Caute reponed that sooe is i

a 3 4 3/ bt ilies" and cape
d that the believed the illness both "ron in fao

sai

from the eavironoent.

ople pean by "runs in fanilies" is not the
— ::°:i::“2: ::kt theo to pean. They mean they o:s:::ei:he
T uh::e disease is found oore in sone clans than othe:se ”
o t"‘::ed through the fother all right, but not in the ::out .
;:::::;cal inheritonce. 1 2o mot ot liberty to say ceore

I would also like to caution on the use of ethnographic evidence
relating to the pr d con

instance, "too close"

_ s of “too close marriages". For

marriages are believed to produce deformed off-

spring; a whole clan is said to have

married within itself in the

past and to have produced physically deformed children. But anthropology
has shown that such stories are more imaginative constructsvdesigned to
convince members to obey the rules than statements of observed fact. To
be taken as fact they must be statistically validated.

My statistics on varnigaranbidja marriage and the Groote Eylandt
Syndrome show there is little basis for making an association between

“closeness" and "deformity".

On the question of factual material relating to marriage practices
and the Syndrome, it is worth noting that the two clans most affected
by the disease - the Lalara and the Bara - never intermarry and have

not done so ui(hin genealogical pecory.

Neither are indigenous to
Groote,

the Bara originating on Bickerton Island and the Lalara on
Bickerton and before that on the adjacent mainland.

Having taken up land
in the north-western and central

rwestern parts of Groote Eylandt respect-

ively when they arrived here, however, they have been in the most

prolonged contact with the most manganese afflicted parts of the island.

I hope these comments will prove of some use in further research
into this illness and that a means of alleviating the symptoms and
preventing its occurrence will soon be found.

It is well to remind the participants that as the medical debate
over cause and effect in relation to the Groote Eylandt Syndrome goes on,

and will go on, people are dying from this illness. Dr Cawte and his
colleagues® researches have now given us some basis on which to process

to stop this from happening.
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ANGURUGU SYNDROMES:

Should the Community consider relocation? If not, under which circumstances
might it be safe to remain?

Interim suggestions from the Director of the Research Program:

Professor John Cawte

Workers in industries exposed to the substance manganese in high
ambience are removed from further exposure right away, as soon as possible

effects of toxicity are suspected.

Should the Angurugu Community Council consider this response?
Much will depend on medical and chemical advice of the kind presented at
this meeting. Some of our neurological sufferers are shown to have levels
of blood manganese, and local topsoil and edible species are exceptionally

infiltrated with high manganese levels. .

Further research is being carried out to find if it will provide
more guidance for the Community to decide. In my discussions with the
Community over the years I have always emphasised possible toxic effects
of living at a mangancsed site. Relocation has not yet been closely
considered, so far as 1 know, by any of the parties concerned - Community,
llealth Department, or Mining Community. All say in effect, '"Do more

research, Dr Cawte!"

It has, however, been suggested to me that two group of residents

might wish to consider relocating from this site:

1. Those known to be ill, and showing manganese exposure by blood
tests. 'Only a minority have suggested this. Angurugu is HOME
to the affected people, who are chiefly in the Lalara and Bara
clans. All 1 have spoken to want to stay - just as I stayed as
a child at Port Pirie, S.A. where, at that time, the air was often
infiltrated by lead from the local smelters. We all breathed it

and hoped.

2. Those who might fear, after studv of the facts, that there might
be a probiem about breeding children, bringing them up and generally

living in this manganic environment

v€'d
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outside known patients and their families, would

examinad the health problems of living ir

£ islanders who have ¢
and consider that living at Angurugu may

This second group,

consist ©
an arca of manganese exposurc
As indicazed carlic
sxposure 10 mangancse in the

cxpose them to some risk. r, the most convenicnt and
accessible account of the effects of
environment for them may be J7 0 ¢ Cecgeaticnal Fragrem on Lhel

r*.  llngen2se. aueld G

Jufety. ewpironmental ilealth ritor
}rganisa:iou, seneva, 281. who is tikely to rcad this?
in a 1981 summary, is already a

Some scholars feel that W.H.0.,
thered since then

Knowledge and testing have been ga
we have learned much more about
studics and we are

little out of datc.
on the environmental health problem;

the residents and environment of Angurugu in our own

hearing about it today.

suggested that they might choose to relocate for

A few people have
They were intcrested in

other reasons to set up a homeland community.

the challenge of selecting a good place to live
safe soil, nearer to the sea for fishing, and thea make good homes,
away from hazards such as habits of alcohol overuse
They said they can plan all this, with the
ly planned.

with fresh water,
roads,

schools and services

and the sniffing of petrol.
experience of what can go wrong if it is unwise

1 have usually replied when asked, that this sounds like very hard
om hard work. There are usually cnough

But many people benefit fr
inspire it in a ¢

work.
good Aboriginal leaders able to

It has to be the people's choice.

hallenge of this kind.

ined since the first health

Talking at Angurugu, 1 have mainta
that

fevence at the Department of Health in Darwin in December 1983,

con
their Community home may not be safe for all living there even if for
In tho

of some affected persomns,

se davs 1 lacked the knowledge of

most people it is all right.
and in the

high manganecse levels in the blood
garden soil and edible species provided now by CSIRO.

In 1984, 1 thought 1 should suggest my concern to the Department

1 told them that th
which have been called
recent research literature was

e Community had asked my

of Aboriginal Affairs.
wGroote Eylandt”

e on their unusual illnesses,
1 reported that
oxic effects previously not

advic
r “Angurugu" disorders.

telling us that manganese exposure had t
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recognised .
eysten th::r suspected. In brief, ft is found to affect the nervou

. ho 4 ; levelopaent of the eobryo, and the jicmume syst :
efence against viral infection ystem, notably

I said
people, i ?hat 1 suspected that under these circumstan
ple, including unborn children, night t;e susceptibl ces, some
ible,

I did not want thi .
. s view to be pade prema
t R
it would be challenged from all sides urely public,

™ because
have prof. P e ensuing controver
1nclu: ound ioplications for the Community and no doubt f ot
in or ma
the Co g the nining company, and the government, since the RAAF oy others
mmmity to relocate itself at this new site during th e Caused
¢ war.

I admitt
coutd b e ed then to the Departoent of Aboriginal Affairs that 1
e wrong but I hoped, with i
. its assista
grant might soon be forthcoming from the NH and MR:ce. et @ reseered

My natural conce P
y Tn expressed in this letter may have done some
good, I think, because I did get some funding, and in the end our field
researcher, Dr Charles Kilburn, bega work [ unity.
gan his wo in the Comm
1ty

In today's Darwin gatherin n sharing what has been learned in
y 4 g, 1 £

more recent times, we have heard m ny no T
» h d ma; minor item:
s, and perhaps two majo

The first major i i )
. tem is the discovery of hi
e et ' y of high levels of man
N of two neurologically affected brothers who were dgam:f)e
- lkydney hospital last November. The chemist, Graham Ha hStu .
e p ! : . ms, here today,
e bloédxs test. He carried out similar identificat;ons of hi ;
e manganese in several other neurologically affected N
s whose bloods Dr Kilburn i
sent him earl hi
P Yy this year. We w i
- a much larger cover with these tests, but we did .OUI€ e
air to defer this meeting until we had them all ot shink e

The second
amblence oo major item is very high levels of manganese in th
€
e ot fgurugu, determined by Mark Florence, whose help we enl
en
ew years ago. In addition, Mark found high level f e
els o

manganese in bush tucker
that he collected 1
ocally, especially f
vy from the

garden. e also determine nothe r n en actor, one whic
erml another striki [ hich
H d hi trik g chemical factor

Or John Hargrave a
nd I already knew ab
out - very low calcium
. We shall

have to decide if that is also relevant to health at Angurugu,
:4
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We have already told much of this tale to Mr Murabuda and his

friends at Angurugu Council. [ told Dr Keith Fleming, Professor John
Mathews, Dr John Hargrave, Dr Gordon White, Dr Denis Stanbury and
others. Finally, the Minister for Aboriginal Affairs, Mr Clyde Holding,
invited me to Parliament Housc, Canberra to tell him what was going on.

He suggested that { should report recent findings in the literaturc.

At the suggestion of Professor Fred Hollows, who works in my
university, I chose to write a letter to the Editor of The Lancet. This
is a fairly standard procedure in medical reports of new findings. My
draft letter set going a train of responses, some helpful, a few indignant.
I sent the draft to colleagues, like Dr Keith Fleming, Dr Robert Hart,

Prof John Mathews and many others.

! made a personal trip, at a very busy clinical time, to Melbourne
to see Dr Hart and his colleagues at BHP House, asking for ideas. They
offered several responses, which I accepted, such as omitting from the
leitei to The iancet the term “mangdnism” in favour of “high blood .

manganese", and omitting the name of the mining company.

Back in Sydney, I started to compose a telegram to the editor of
The Lancet requesting these changes. Then I noticed galley proofs of my
letter already on my desk. They had been delayed in reaching me in Sydney,
1 learned, by a U.K. mail strike lasting some weeks and still going on.
So my first draft had been immediately accepted and published by The Zancet.
Pr Mark Florence and | then wrote a second letter announcing the new
finding of a high manganese lcvel in the cores of soil at Angurugu and in

the edible species. These two letters from my team are circulated with

today's program for your awareness. Here they are:

DB et s

THE LANCET, MAY 30, 1987

Letters to the Editor

MANGANISM IN A NEUROLOGICAL ETHNIC
COMPLEX IN NORTHERN AUSTRALIA
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THE LANCET, JUNE 27, 1987

c GANESE ON
ENVIRONMENTAL SOURCE OF MAN
GROOTE EYLANDT, NORTHERN AUSTRALIA

i : i findings have
SiR,—Since our letter - May 30,p 1257, important
emerged which may shed a new light on the pos_mbk source of the
manganese. Results now indicate remarkably high conocnu-azl:ons
of manganese in surface soils and vegetables grown in the vi lage
concemed (Angurugu. on Groote Eylandt, Northem Tcmumcsz
Australia). This su'ggcsts that local soil, dust, and plants may

- provide 2 more immediate source of this trace metal than the nearby

mining operations. Exampics will be cited here, in anticipation of
detailed publication later.

m’gle mngamsep concentration of soil from Angurugu (the world

average being 500 parts per million, ppm) was:

S of sail Mungunese «ppm 1
Orcherd, apen ficld o
Qrchard, under trees 103 000
Old vegetable garden 11900
Banana plantation

i f locally grown foods (fresh
The manganese concentration of \ c
vegetables wortdwide having an average manganesc concentration
of 0:2-7-7 ppm) were:

Food sample - Manganese t ppen?
Banana, old garden 7;(1‘2
Native yam-

Paspalum 2400
It now appears possible that an immcdia'!g sm:cncd om'gm
m&?&: tl::sh ::c:xmt; (l;;mtcﬁng this prsmqptjon.
however, is the fact that gardening and thc.d(.ssc use of st:)lllss.h:csl
declined over recent decades, since the first missionaries ?ol:d ’lmost
the settlement. Nor do the native people eat much bush 4
of the food is bought from the village store.

Prince Henry Hospital, . NCA
Lictle Bay, NSW 20, Austratia Jou WTE

CSIRO, Lucas Heights, Svdney

MARK FLORENCE.

.

PO O  sma

SOHE PRACTICAL SUGGESTIONS FOR THE CORRUNITY

Let us now revieu practical natters, assuning that the Angurugu
People are uanting to stay, that the banganese is wanting to stay and
that the nine is wanting to stay. :

One connot single out the nine for the problen. as Professor Kiloh
and 1 long sgo pointed out ond Or Joan Ridley rvead out todoy, several of
the cases developed before the nine began operotions. And, o3 Or Florence
pointed out today, there is na excess of cangonese in cores of locol
topsoil, garden soil and in edible species,

A fev suggestions do coce to aind, to of uhich concorn vhat |
think of as sooe preventive value of another cetal - jyon. Critics ooy
think oy opening suggestion, on epideniologicol one, ig unforgivably
“serendipitous®, Here it is:

In 1970, 1 was invited by the East-tlest Centre in Honolulu to be
a Fellow in Hawaii for a few conths. That good break ensbled pe to
publish two books, one on traditional Aboriginat healing and i:\edicine
called Hedicive 3o v law, and one on Aboriginal oental health epideni-
ology, called <rucl, Foor and Brutal Hations. Each subject is of
unquestioned significance for students of Abor.ialunl heoleh,

Morc ioportantly for today's purposes, living in Howoii let e
learn that a pincapple plantation seened to have been affected by an
cxcess of manganese in the soil,

vith this eleu.ent oppearing excessively
in the fruit.

I understood that this soil problen had been rectified .
by mcasured applications of a dressing containing ferrous sulphate. This
was interesting then to ame cedically, but | did not take particular

notice of it. Nowv, of course, I have uritten to o professiona} colleague

in Honolulu asking for core infornation fron the Hawaij Uepartoent of

Agriculture, and aavbe fron the pineapple grovers too.

I cannot be oore specific about this until this inforoation is

assessed. It would be wonderful to see the s0il probleo ig the Angurugu

roving safe, fresh
1 shal} report on this to oy colleagues as soon as 1

parden rectificd in such a w8y and to watch the garden Fid
and varied food.
can.
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The other issue vith this “opponent® - iron - concerns‘itz pl:ze
in an individual's cetabolisa. WYe undcrstand that fron def:c e:sz;Ption
occurs vith the endenic hookworn ancenia, c:n proa::ep::::s:daby -

anese. [t is excellent that a local Joctor
::g::::u Council, supported by the N.T. Dcpfrtment.of H:::t:;Ok:::: ::d
his or her progran will be an oll-out canpalfn against PR
its anacnio. Another part should be the training of two " natt;rs .
oental health workers, o nan and a wocan, to deal sith suc e
alcohol excess, petrol sniffing, and the all too cocon :a: e

droce. [ have been a leader of Aboriginal cental health p. o
sy“f ssional training and I know vhat they can do. All these prog
:;:u:d hoppen, | hope, ns outcoces of this research.

i 1 this
1 respect the vishes of the Angurugu comaunity to have al ooy
i icity. Bu
“in o quiet and friendly way". They do not want publicity e
. .
o ql blood testing done to “pinpoint the sensitives", and we
want genera

ic.

SOME PERSONAL MOTIVES

Scoe people here, not unsurprisingly, are unclear aboute:is.
cocmitoent to working in Arnhen Lond continuing over so nan:ozrse e
brief cocment nay explain aond clarify. My ootives zu'e.lol:a"e had.

hen Land, Arnhen Landers and their uellbelngj g
P udy in sone of the leading universities of the world,
e oo tof::ctythnt tany of oy personally significant educational
::: :e::::lt:x;:riences have cone froa friends and informants in Arnhem

A

Land, Australia.

in response to requests froo up in that neck of‘:heuzzzis;h:re's
have undertaken several contracts which 1 hope to fulfil, e
tine. For exanple, visiting €lcho Island in oy annuaf v:cCIan or
nearly two decades, 1 was offiliated with the warrnmnrrl : t;e o
occupants of the English Coapany Islonds and (naternal‘c : oo e
Islands. Harranirrl vere the great sailors of the Ara :: reef;' e
coaplex religion saw their life as arising from the cor

nd Huxley's
the species develop in genetic leaps, recalling to ne Darvin a

.

doctrines. But since they had to move to Galiwin'Ku, Elcho lslal\d. lhe,
t .

had not pnctlsed their religion openly. ‘l'hey asked oe to record it

There are Plenty of practitioners who d

R R ey S

so that it would not die unknown,

They provided the paintings and
carvings of their Warramirri Heroes

+ I'm trying for funds to cover the

Shortly after this,

Kava misuse came to Elcho Island from the
Pacific,

I studied this condition clinically.
Duffield is studying it pharmacologically under a NHEMRC grant at my
university. We have pade certain recommendations to the Federal Govern-
ment about its currently.misleadin
My

My colleague Dr Alan

g official excise as a "food substance".*
summons to Groote Eylandt inevitably interrupted my ongoing contracts
with the Elcho Island people.
Academically, I'n indeed luck
degree scholars in remote Australia.
duction today.

Y to have some first-rate higher

Dr Charles Kilburn needs no intro-
Dr Ernest Hunter is studying the psychobiology of sudden
death in the Kimberley, Western Australia,

Perminder Sachdev is looking
at the Maori migrant in Australia.

Besides academics, I'g closely
committed to Aboriginal health worker training,

quarterly journal The Aboriginal Health Workep t
from the Départment of Aboriginal Affajrs.
medical illustrator,
Rose Elljs,

having originated the
en years ago, with help
We employ an Aboriginal
Billy Reid, and a research assistant,
for this Australia-wide quarterly,
by its users.

presently
wﬁich is warmly greeted
Naturally one concern is for Aboriginal mental health

workers, whose training 1 helped to inaugurate in North Queensland.

of course, distract me from the disturbed Sydney folk
whom }'m paid to treat,

These commitments,

and teach student doctors to treat.

It may not surprise you that 1've invited the B.H.P, Company to
consider some personal support in the

final part of my professional 1jfe,
to enable me to tackle Arnhem Land and

other Aboriginal contracts primarily.
on't want to work in the bush who

€an manage Sydney patients. | thought B.H.P, might like to consider this

unusual request.

I'm by no means the only medical doc

tor in Australia with a “bush* -
kind of research outlook.

We are very gratified to see such a capable
Person as Dr Charles Kilburn, who spoke to us today
"in the bush",

» Joining these ranks

* The W.A. Government now classifies it as a “poison”.

8 d
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el to
N it is time in today's conference to ask our expert pan
o lot
i hom know a
nd to questions and ideas from the audience, many of w
respo

' id.
about this subject, more perhaps than they have ever sai

BIBLIOGRAPHY e
The references to this work are numerous. Those who wi

i recent
study tﬁem will find a reasonably complete set in my two

publications:

i : te Eylandt
John, 1984: Emic accounts of a mystery lll?c;;.lzge Groo ¥
Cawte synd;ome. Aust. and 1i.Z. 41 Psychiatry 18:179-187.

i he
iatri nese exposure in th
85: Psychiatric sequelac of mangane: e o
cavee jgtq; zgetal aid neonatal nervous systems. Aust. and &
Psychiatry 19:211-217.

5. farmivy sz tanganese Soils tn Hawaii.

AFTERWORDS TO THE CONFERENCE

After the Manganese and Metabolism Conference in Darwin,

participants contacted us (John Cawte and Charles Kilburn} with
comments.

certain

considered
Most comments were too informal to quote here though they were
appreciated. Most were supportive, though some were critical.

In this brief Postscript we present several responses that are
available and are likely to be of interest.to readers. These include:

!, The Press Zelease, prepared after the Conference, in

Secretary of Health, Dr Keith Fleming,

consensus among the audience to provide

which the
managed to find a sufficient

"a joint statement".

2. The newspaper account in The Northern Land Council's Land Rights News,
from their reporter at the Conference.

The newspaper account in The Sydney Morning Herald of Friday,

June 19, 1987, prepared by reporter Pilita Clark.

liotes on ilanganese at Groote Eylandt sent to the chairman by the

doven of the Conference, W.C. Wentworth. These notes arec quoted

with his permission, not merely as a competent review of issues,

but as the programmatic suggestions of the first Minister for

Aboriginal Affairs. As chairman, I take the opportunity of presenting

his notes with @y personal tribute to their author.

Notes from correspondence
to John Cawste.

Oissussior zt the Conference. We
for a rcport of the comments
conference,

regret that we have no recording
made by participants at the Darwin
Many who were present at the colloquium presented
iews, including Professor John Mathews of the Menzies School
of Health Research in Casuarina, Darwin;
Dr

their v

Dr Robert Hart and
Michael Fett of BHP; Messrs Alan Wright and Sergio Fuenzalida of
the Groote Evlandt Mining Co. Ltd, and others,

6€°d
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JOINT STATEMENT FROM MEETING, 11 June 1987,
at Health House, Darwin, Northern Territory

PRESS RELEASE

THE NORTHERX TERRITORY DEPARTMENT OF HEALTH AND COMMUNITY SERVICES
HOSTED A MEETING TODAY IN DARWIN TO DISCUSS RESEARCH FINDINGS SO FAR
INTO THE POSSIBLE EFFECTS OF MANGANESE ON TIE HEALTH OF GROOTE
EYLANDT ABORIGINES.

THE MEETING WAS THE THIRD HELD IN DARWIN SINCE THE PRESENT RESEARCH
STUDIES, SUPPORTED BY THE NATIONAL HEALTH AND MEDICAL RESEARCH COUNCIL,
GROOTE EYLANDT MINING COMPANY AND GROOTE EYLANDT ABORIGINAL TRUST
BEGAN IN 1983 BY A TEAM LED BY PROFESSOR JOHN CAWTE.

PROFESSOR CAWTE INFORMED TME MEETING THAT HE HAD FULL DISCUSSIONS ON
THE PROGRESS OF RESEARCH TO DATE WITH COMMUNITY LEADERS ON GROOOTE
EYLANDT EARLIER THIS WEEK. THE PRESIDENT OF THE ANGURUGU GOVERNMENT
COUNCIL WHO ATTENDED TODAY'S MEETING STRESSED THE NEED FOR FURTHER
RESEARCH WHICH SHOULD BE DONE IN A QUIET AND FRIENDLY WAY.

THE MEETING EMPHASISED THAT THERE WAS A NEED FOR ALL INTERESTED PARTIES,
PARTICULARLY THE COMMUNITY, THE GRGOTE EYLANDT MINING COMPANY AND THE
NORTHERN TERRITORY GOVERNMENT DEPARTMENT OF HEALTH AND COMMUNITY
SERVICES TO CONTINUE TO SHARE INFORMATION AND JOINTLY FORMULATE A
PROPERLY RESEARCHED AND AGREED PROTOCOL FOR FUTURE RESEARCH.

e ABOUT 2% OF ABORIGINAL RESIDENTS OF ANGURUGU, NORTHERN TERRITORY
EXHIBIT UNUSUAL DISEASES OF THE CENTRAL NERVOUS SYSTEM.

« THE RESEARCH TEAM IS EXPLORING POTENTIAL CAUSAL FACTORS THAT INCLUDE
EXPOSURE TO MANGANESE IN THIS ENVIRONMENT.

« FURTHER RESEARCH TO CLARIFY THESE ISSUES IS NEEDED, SUPPORTED BY THE
COMMUNITY, GOVERNMENT AND THE GROOTE EYLANDT MINING COMPANY, INCLUDING ".
TRACE METAL AND MEDICAL EXPERTS FROM OUTSIDE SQURCES, SUCH AS THE
UNIVERSITY OF NEW SOUTH WALES, CSIRO, SYDNEY AND THE MENZIES SCHOOL
OF HEALTH RESEARCH.

R Ty R

HF.AN!HILE, SOME OF THE PRACTICAL MEASURES BEING CONSIDERED BY THE
LOCAL COUNCIL TO REDUCE EXPOSURE INCLUDE SEALING OF ROADS AND
RESTORING LOCAL HOUSING WITH LAWNS AND GOOD SAND.

EMPHASIS SHOULD BE GI‘VEN TO EARLY DETECTION AND MEDICAL RELIEF

OF THE NERVOUS SYSTEM DISEASES. TO ASSIST IN THIS, GROOTE EYLANDT
LEADERS HAVE PROPOSED AN INITIATIVE THAT A RESIDENT DOCTOR TRAINED
IN THIS FIELD IS PROBABLY NEEDED ON THE EYLANDT. THEY WILL
INVESTIGATE PAYING HALF THE SALARY OF SUCH A DOCI'OR. TO MEET THE
RESEARCH AND CLINICAL NEEDS. THIS PROPOSAL WOULD BE AGREED TO

BY THE DEPARTMENT OF HEALTH AND COMMUNITY SERVICES. THE DOCTOR
WOULD BE RESPONSIBLE TO THE COMMUNITY AND THE MENZIES SCHOOL OF
HEALTH RESEARCH.

DR CANTE'S PRESENT RESEARCH TEAM WILL CONTINUE TO HELP IN THESE
PROBLEMS.

From Time Before Morming by Louis Allen, 1975,
Crowell Co., New York.

The usual black background, made from ore,
features a great Macassan ship, anchored to the

ovr'd




P.41

smaN Subiy pusy — 9 abeg

¥
i
&
M Ot PIOKUCE  Lg (0 SHDMS ISig BUI IQ HIM AW  purt B DUR TIOUDATD FaiS1RAII0 N Lnid
# 1G00 20 PINOUS ALUNWWOD  Sapmys NBRNBuY Sul WU $100Y 0 S GEend: LU DIOONAD M MV 2008 Antren Ada
5 Prubucdy-uow ul 10 WaFR MY Sup SNATMMB  peD pue  WOTIULE ‘BNTO0IS Aredu 10 SulOw
il 10MI0 BRGNS DUl S0 AT 300N DUR 00t POMIE LD DUR BINRWODIIG 2008 OF LAIL VED TWCIRUAS
= 10 12 HOR RIS L s B mOUS Sous SV 130005 D) SN dud IR T "o e € 0 hew ¥
J L Lo 0L 0008 I e e s arar s ....m...mmn.m_?n.. I
¥ G; Brue SIS Srduiam LRI 1O SIEED
{ T e e DANMAI00-tm i 1GSEL D S Sadussd0 0w S IO Sul udue  AHID S3u0 BARU Adul p 20 UMM 00
& bngronargidanind 30010 2ul O UIMIADY  IHATDS HONEOI0 UIDOIOAY BuipmIue YD Adul udum 1Ou W mOi) Jusee
. 2 DINOUS £:3%0M b ey L0 et 2D B 4 COUNOGUIED 0RO S 20020 BN Ui AN
M POCID Byl WuNm LSRN ULEN DIBUBOIINN 5530 APW O pup  whepw - 002040 s SOM4D F 30N BABY B
€ PUCHSONII0 10p 3D 2 SUOMETIOUN LU NOOKS BOAY - IHwa Ui DIENWOD L1 pusw o L) 000 V8 Wi ® STUBSED LY
& UL AR AT BaOV Dul BB AETIA B RUOMAMAS s G 2 »g A Agonioe  ssaebuem
L (96onbutu 208,0-ubny  WERS DU Wy )0 5308100 PUO Ousnsnidung T Guenedesd
; 10 0000 Wy S 08 Ue AQ DIOURGINE  SAVOTES BN WOK FRACWS AQ DEWSA  NI0W DOATOWS (0 tulve DERD 3G 1) GIORIOR DAD Mo sy Wwerteed
£ e 20003 nOmnbuy ull FIOGED 3Q VD ¥ WBNOUS AUGE DESMDCO0H LTI M ey Y™
fm« " o1 — anboa 5q LY TS uwheq O 9 "
§ R
AJ01SIY MOYS V7 :2SDURBURIAY
a
WHRIOWOD MIGE NN D EIDIPY K0 JOONIS - 10 51048) As0U PONONS  Ducy ) OB ARG W seswducus
Bumypeq ® 10 0UB Pt = B8 AORBy  S010D Sud Puy-00 IpMe I 11040 BUL ON  MEAIONO DOOKG Dul WDROWNY SRATI0L 18 SISAOE SISO BaBY PRI
18 59080 D1 “DMPRVESYY NS I Junl- S¥E] 08 KIND TOM WOWLRON] NN  _SNMA. POW B Dusds BROWIED hg [ — oW & DW) swd 18O
U0 ISR Wy B o0 ON-NOEG KN DUl TARE OF SERDSSN  SAIBU  SJ0W TBE WNGWH D00 IO WS
PR Buniry SEONGOCT 30 Bes M EUF AP IVOOTM § 210080 PWOLOTY  SIOGK) WO UIIOWEM WO [RMGD TR a3avoINaN0
R Semuun 10 MOWEIS (O SE SN PONE  Oum URRADGORD ¢ g WOB0s IO | BRBAED W RIS D 8
2008 sasy Avw B 1ArB)  wosem e w wn0 e
WHGOsD Byt DomoNy v BmeD) 3 M M OO0 oS ¥ _bwoguAs NOnanuy. IR0 IS800M o, 1 wiog o o uowes. SAeu Avw
‘trusson 0300008 POV Bumesod Suse Gucy ® WIO0M SAEWED 03 DD D 0 SVROT) JXCS0I0N) AQ UMM B1005d  gunens ta POWSCED B4 EDIOLD SR .
i ump saydy UBeq T UR0ROS 1000,0 K4 Oupuny KIS S 119w AGO O KD S 1) KO D opm "
S13434 202ururws vinuos B6L W% @ Ao B A0S o0p W ) _ON_ SWOD O Day 10 DHOG Asoe A POUONISAD —
Vo umwug § sﬂlu.: ASucmtyy RN il AQ DEJMOW  S43 IR0Q0 PONIOIUWSD O D W Sagv SI0M T "SIICUMONS BSOS  SeACKANO UC T3 KOV DUO BT SWpasd
. S4qrdaa pu g g e w0 Rn uBnouNY s iy OWOBUAG (ORBY. oM} S0 hom ¥ 62 BurcIocs e Dy DS Gwe — oN
vo.:o:vﬁ.:uf!a:g ~a o e — sngoBicy 9 ASCIICy 00800 yowe _BAo0T) WO K] TIOWO 4O INNOWY
Y3y Ka3a aary swrpes u:.‘.ouﬂ»u- Ghm 0 OMORD RINOY O GRS ADUSN 59 OF SMWCO Of i OOy C3 E3X0CH 0 ST OIOUS ——ct
) gir’u.u!“-ﬂﬂlhﬂlvlﬁ!l u.i.-l.tsghcs‘ill.e » ounacs uiggli gl 5 POTIS T W 0w £3m Camurws )0
3ds 2191p3 pur po: -~ o o Do) UmONE D PON ~a
" Jtosd 8 PINo?) Anunanody Wagnoag  *MBoum 830ed nOnnby B Suned 2 SOUNOMO UING O VEBeQ Busits
! 230500%3 16 230m0% Apernar) oo o S oo a00n MO e v ueod_ T Aty 10 SRPONND T) ) DoAY OmO 0y $:0Q BAD S wo Mwarde
ow ay) -y pausun Avous BpM SMORIOAD Py D00 VLY PO COUCOMD SDM DI ISl WS Bul
oo Lw " frosnibuagdinnpogiapogey VRO ) DIOW SOURNOD © 12 DHOS N
PITS oy _“um 3yt up = ruo 21 L JI8NONL O IBVISIC AN 1000y 40 ICBAOIORCO YO
uzzx-»“.e,»a ! map ydnosyy © Ny SNOLLSIND SO VR PUS Do 2807 10 Bussdte VORIOWNOS Du AVSD OF ¥HND
v _.v_va.vyﬂu._oc;sd ! TS0 B8]  WARSOOKO UOMOS IOuOID POy  OUd BIOM 30O PIIONE B 10 VDK g oy pug Bumme 10 LIS ) O
A4 Iy A~ Spdoay swoq uspau 0 AN O OuES AQ DHIIOWERGD I B Pwiow Peon ” "> w000 EUBLOGY AG SWOHMS uh OF
S 105 13 VO30 Ou 8 08 LASCOR Sig U MMSOu DOWOUS - 80D 0 Duo © S1I0WS0} CIBUIAL J0SHI0Id oo cy sooncd s 10 SuO UBNOuITY
pr . 403 13psa 23 “Dusprng 10 1000 10 DUOLSR e) DO [SENOW) E4wsoyons O — WOuGYED OO POYIONIONS J0NC PO NI — BB oy, LONIAICD AW HIOEISO
Y JHH Srq ogm . PUTE SN U 0T LEOIO0 IMORs M WON MOWIO YO IR AXI0I000T N DV BaN) Bl — BUGED O WOl ooy T eny sop 01 yOmotR
YL I 1, PUm EIPCH IND SINGs 08 S04 Cunere DB 2030 W PO ll»-‘“cuﬂcﬂlt.ﬂ!ll& Tvm3a
!i’&!"-ti“!l.ﬂ!oo — 2emen Apslog €3 1 Qsdums — WO B _odommy BwpOGIR 10 Abpescd Samuom tay UD UONR LESY
ooy Sy » e vono oard) s0tm0is
e o~ BOING 15 deoea0d s Gn SHAOS BOUCMO 10 00iCd0mIu BUONS AQ 1N etmeud Do Tt DenseOes
Armsrwimasy st un IO $081018 ADOQ 10 JOWIONE  1pn, Lgaq SARU 01 USE OO OF \WPW) AN DUID HASMAIOANIS SIS
BuOD WOR Sl PEAMONE OL WML Du 12a bl MO0 DIDSUS M4 ‘BINEI NS ¥ )0 7Y nbrnduy
[ 060 weed
3 900 PEIAS Sul BeDRII ‘EPO0K VSN aenn Sussth BSOS S w0 IS0
o =0, » 10 Weus »ecr ma ) . W O 58
s ndmengn W = U N DU 290050 LD IO UMD e, OF B *ODORD Sl O auBowd
FY 4 jo Lla 15 00 W00 PUB PIOB JNO) WIVOWD 300 U seaCws Suisd Su3 WESQ
4 Y JO 3u0 iny) paw K E < N VO W LEININID O POYI DI AR g O - PT) FORAINANG TRASREIASD
21d03d jrurdiogy swos hﬂunﬁ._ TUAL WIMUON 30w 2 uo R DS niartones S0 DU8 00 S o houoks ¥ EE31 St wmad
. o CREIT - e 1 frosasy
1% 3y) papoday WYMoy ean »305..&:35 SAHR P20 2y Al I 1O} DIOION DUS SpETUN ,
sy puoy s pyunos N M Anuowwos jeuduogy uy N T e e = Sumums 10 LTS St Dunmoncs
STUR0D puey wia WOVID vama v KT Cuuem o v g Beed | ewonios w10 word
vira 49 —~—7 ~ RS on fom 1 9 o TS et 10 Sare0 ' Reasioars
m e -~ o b " RInou G WBNOAR e — wihso &
‘HnHo ' Newiew 1Y WANAGEID g BanD D 90 ADw SeOSUCYY
.H w - S ee 1 AO0M 4N U0 4Q 10RMKE) OF ¥290,000 “MGTWON AnORAL
. . wety Y { Wepusdeper vO WOMN St
° sy ) [ v OI000s SRIICD " PUO (0DUCD HOEME FRIOUD WS
: oy ! 00 e G wom HEIOUD BB URE PO ANON0S
.@@WH . o N ) POnUn GaDW WO WIOSRN S0
jog m v P s Sy oy o Reweg PO FUNCE BL IS0 19 WA PRwRAK
. . (o ~agand P i N WwLe0s) wNook LN e TV ARe HEIG 038
. A~ Ms0OW0oD) Sunpy IV HOOID b TP ROUNS OO SUCHOWIONS
o~ — Ammanascy nBnanbuy w3 Cwpniw AQ J1weDios ue $16e8s08)
[ - [ -~ T YN 0By ewE  A)vesscow Py,
) AR e B “sesunlncw jo wescs ‘00> pavcy
L861 68 2unp-Ap, . ) — - N/\H.V NS \Org wPOWO0 O3 Meba sea PuO  -AsE SROMOIALS B 4Q DEIOSN WeOq
§ unF Arpyag “plesa) Jupuropy A2UPSG oy g o ; e _ ST s o e e e et Lo
~ G4 90030 OB ¥} — Byeasy SeswuOune  OwymiE) IDWS| HoMD peuasc
CupeO00me moyd pOS $0 W WAt YHO &0 AQ PEOWRGLRe ©) NSNS
S cRales (O EAG PYO »
. WA PIDPOY B Wen Sen Arws PWONOOY Q) 1O ] Bms PRIV
Ay .
| = | PUmIs]) S@®0IIS
R o =3
S

L sseuI AIDiSALRY
bwé@@@2>@ NONENDN,

Y o

P N

THTTIATy - e .

e

v

S

: .
, PN . w—— v




) "
t

PPV

AN EDITORIAL REFLECTION ON W.C. WENTWORTH’S CONTRIBUTION

3. Manganese may be taken up by the body in one of three

Readers will be struck by the immediacy with which Mr W.C.Wentworth, ways

tong since retired from public affairs and attending this conference from )
(a) By absorption through the skin. This is believed

ersonal interest rasped and summarised the cogent iss escnted.
P » Erasp & ues there pr to be of little consequence.

His response forms the basis of a suggested program of action, which he

. now offers for consideration. His action in doing this reflects the (b) Through the lungs by reason of inhaled dust. This
L . . L. is believed to occur, although a great portion of
qualities of this first Minister for Aboriginal Affairs. The present inhaled dust ends up in the stomach rather than
writer has had other illustrations of this kind of intelligence and , the lungs.
energy from him over past years. (¢) Through ingestion. This is believed to be the
predominayt method.
It is characteristic of Mr Wentworth's resources to point out that X L,

X 4. It is probable that, genetically, some individuals are
his "Notes on Manganese at Groote Eylandt" were not the sole contents of : more susceptible to manganism than others. It is not
the letter that he sent. He also enclosed, with no comment whatsoever, yet known whether any such susceptibility is commoner

A . among Aboriginals than among Caucasians.
some photocopied extracts from C.D. Mountford's book on Ayer's Rock, to
illustrate Aboriginal mythology about the infanticidal capability of the 5. Instances of high manganese blood levels occur among

. ik . . . inhabitants of the south-west area of the island, and

dingo, incidentally discussed at this time. are not confined to those who work in the mine or who

are directly associated with it. The sample available
is too small to allow firm statistical conclusions to
be drawn from it.
Hon. W.C. Wentworth .
. G. Absorption of manganese in the body may be agygravated by :-
- From the Darwin Meeting, 11 June 1987 .
(a) Iron deficiency, which is linked with the iucideace

NOTES ON MANGANESE AT GROOTE EYLANDT of hookworm, which leads to anaemia.

(b) Calcium deficiency, which may come from the
phenomenally low level of calcium in Groote Eylandt

1. It seems established that high levels of manganese soils, leading to some calcium deficiency in
in the body can cause both psychological and physical R B plants and animals entering into human dict.
vt illness. Such high levels have been observed among (1t should, however, be recognised that Groote
B both Aboriginals and Caucasians on Groote Eylandt. Eylundters are large consumers of imported foodstuffs

. which contain calcium).
The soil on the south west of the island carries high
manganese in many surface areas, which are generally
underlain by the manganese ore which has been mined

The Aboriginal community at is extremel
there by open-cut methods for a couple of decades. & y Groote is ely

concerned with the problem and has discussed paying half
the salary of a doctor to be resident on the island.

11 is understood that official N.T. sources would be
willing to provide the other half.

~)

2. Before the commencement of mining the Aboriginal ;
inhabitants at Groote had the reputation of being £
psychologically disturbed, and this is some (not %
conclusive) evidence that "manganism™ was prevalent ;
there before mining.

Available evidence suggests that present manganism
does not come directly from mining operations.

ct'd
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In these circumstances, the following programme could
be considered.

. into
force to ro into.
. 4 di or of the task fo i resident
APHO)ELIJ :;:tg; using the services of the
the whole '

doctor who is to be appointed.

he

Mount an intensive campalgn a ainst hookworm.
n 14 :4

:: Make ava@lable free pills with supplementary iron
anf calczz:;]e free blood apd diagnostic tests
. ¥2tea?:aAboriginals who desire them. l .
ow
B vetncoe, and enrich the soil with
F. ::i:l:j;ilable alternative housing in manganese

ok with
ial risk (e.g-,
those at speclal risk egnant
free areas ;Z;ganese, or tamilies uxtgtfieienl
AN se .
roce ?I:go opt to leave the presenti
women

developed

‘ : i kworm could be ec

i against hoo SRR
it Cém?z;sn not only for local gfiegampaigns 2
lqtensxvhemé for devising effectiv Jamparens e a
pxio; zﬁworm-inlested areas. 1t co

al o

pational ampact.

’ it
. cays 10 control
anism and way
study of mang

tor
Similariy. ults not just for Groote but

could produce result
world manganese mining.

. ir national and

. 5 vith their na 3 rest

o r aspects, wi " of interes!

These “t?gnal gmplicntlonS. might be i
interna

to B.H.P.

K%‘m«.\-mr:m W e weiag
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FARMING HIGH MANGANESE SOILS IN HAWAIT

John Cawte

Dr Mark Florence, from CSIRO at

Lucas Heights, has told us about
high levels of manganese in the

soils and plant and animal life in the
vicinity of Angurugu, Needless to say, Angurugu is not the only site
and plant manganese. | learned
1970 as a Fellow of the East
PPoTtunity to urite my books about
alled Medicine Is the Lo and Cruel,
each published by The University of Hawaiji

in the world characterised by high soil
of another during my visit to Hawaii in
West Center, which gave me the o
Aboriginal healing and health, ¢
Poor and Brutal Nations,
Press.

Not being an agronomist or soil pathologist I wij) convey this
subject for interested readers by quotin

g from some recent correspondence
with Hawaijan experts. ‘

Dr L. Ingamells, agronomist for the Dole Packaged Food Company in

Honolulu, writes as follows:
Soluble Mn levels in certain Hawaii soils a
Mary years ago Mn toxicity was a subject of much interest
in crous and soil science. Attached is a Paper by
Sherman -8 Fujimoto (1946) on work with vegetables in which

Mn toxicity was effectively reduced by applications of
line or mulch.

re indeed high.

Work. py H.Y. Young and his colleagues at the Pineapple
Research Institute demonstrated that vhat was for many
years considered Mn toxicity in Pineapple could be
corrected by foliar applications of Fe (P.R.I.Research
Rercrt No.84:45-5¢) . Maxwell Johnson's earlier work
witr. foliar Fe Sprays in Hawaii helped establish the
background for this, and the concept which emerged and
g was that there is an apparent
en Mn and Fe in the soil solution
anc in the plant. Thus, toxicity levels are difficult
to establish for Mn because correction is always
possible in the range found in Hawaiij 50ils by the
application of foljar Fe, at least as far as pineapple

is concerned. Total Mn in pineapple tissue can range
frex 53¢ to 5000 Ppm.

Dr Ingamells also sent an early publication which is classical: It
is from Sc7. Zoierse Society of America - Proceedings 1946, vol.11, by
G.Donald Sherman and Charles K. Fujimoto, pp.206-210. The title js -

ine Effec: 27 the ise of Lime, Soil Fumigants, and NMulch on the Solubility
of Manganese in Zauaiign Sotls.

cv'd
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The opening part of this paper reads -

The production of some vegetable crops i dawaii has not
been successful because of certain soil factors. One'of
the foremost of these limiting factors hgs been the high
content of available manganese in the soil. KXelley was
the first worker to report the abnormal manganese content
of Hawaiian soils and its effect on planF growth. Latgr,
Johnson discovered that the chlorosis which developed in
pineapples grown on soils rich in manganese c9u!d bg
corrected by the application of a spray containing iron
sulfate to the diseased plants. He conc;uqed that Fhe
large amount of manganese in the soil}ox;dxzeé the iron

to the ferric state in which form it is Q?avaxlable :o .
the pineapple plants. More recently, Fu)xqoto and S etmae
have demonstrated that the quantity of avax*able manganes:
present in lateritic soils depends on the soil tgmperat:;e
and the degree of hydration of the manganese o*xdes. They
found that the available manganese xncteased'thh a rise
in soil temperature, and if the manganese oxides argu
dehydrated, large quantities of soluble manganese wi

be released.

Manganese toxicity to plant growth has been rec?qnl?id xznous
other soil areas. Funchess reported that certain ni ;ozhe
fertilizers increased the soluble manganese content o

soil. Eortner corrected manganese toxxc*ty in certalg
Kentucky soils with the application of‘lxye agd suﬁe;(mc i
phosphate. Snider has shown that‘the application o 1£mest.2
ihe acid soils of 1llinois materially reduced the mang nese.
content of the crops. Recently, Friedvand Pee;h havg m ac
critical study to ascertain if acid soils required lime hve
correct other soil conditions. They,°°“C1“de§_thaFl°"eas
the benefits of the application of lime to acid soils w.

the reduction of the soluble manganese.

The application of lime to the Hawaiian soils h:vxnzaiked
high content of available manganese has ?roduce ah arked
improvement in plant growth, however, this effect a v
been as good as expected with those cFops which ?re ? o
in rows. Another disadvantage found fn'the applxcat;olime
lime to Hawaiian soils has been.the limited amount ?. -
which can be applied without the occurrence of over lmi g
effects., Heavy applications of lime which are nec:t-:ssasyv.‘e
to reduce the level of available manganese will d?pri§°n.
growth of plants very markedly. The max iemum appl;catx P th
of lime to Hawaijan soils without depres§xo? of p §21 qthat
is limited to two tons per acre. Thus, }t is possi be :

the full benefit of the application of lime has noth ee
obtained with crops commonly grovn.in rows due to t : hidah
exposure of the soil to the sun which wou%d producihe so?uble
s0il temperature and which in turn would increase

manganese in the soil.

Bt

I quote from a letter written to me from the Colle

and Human Resources, at the University of Hawaii at Manoa.

- conducting research on this subject.

-4t -

This publication by Sherman and Fujimoto concludes as follows:

From the results of investigations to determine the effect
of applications of lime and soil fumigants and the use of
mulches on the solubility of manganese in Hawai
following conclusions may be drawm:

1. The application of lime to a soil decreased the
exchangeable manganese in the sojl. The application of
2 tons of hydrated lime to the acre decreased the

exchangeable manganese about one-fifth of that found
in the check soil.

2. The use of mulch vhich lowered the surface soil
temperature and maintained a moist soil to the surface
decr d the of hangeable Present
in the soil to about one-fifth of that Present
bare soil. This decrease was slightly less than that
Produced by the application of 2 tons of hydrated lime.

3. The application of 2 tons of lime to a soil with a
mulch decreased the exchangeable manganese to about one-

fourteenth of that Present in bare soil which received
no lime,

4. The application of 60il fumigants, chloropierin and
D'D* Mixture, did not decrease the exchangeable manganese

in the soil. Both increased the exchangeable iron in the
soil.

5. The yields of plants increased with a decrease in the
exchangeable manganese content in the soil. The plant

growth increased as the ratio of exchangeable
to exchangeable iron in the 80il decreased.

6. The chemical analysis of plants revealed that the
manganese content of the plants was closely related to

the content of available manganese in the soil. The

soil treatments which improved the plant growth produced
plants with a lower content of manganese and a lower ratio
of manganese to iron in the plant tissue.

As a final indication of the Hawaiian effort to combat this problem,

ge of Tropical Agriculture

This letter is

written by Y. Kanehiro, Emeritus Professor of Soil Science, and N.v. Hue,
Assistant Professor of Soil Science. They write inter alia :

After consultation with colleagues in our department, especially
those familiar with growing Pineapples in our high manganese soils,
we have not come across any known case in Hawaii of manganese-
caused illness in humans arising from consumption of food plants ~
containing high levels of manganese. Upon further inquiries,

we found out that brs Nancy Johnson and Blubell Standal of the
Department of Food Science and Human N i

in this problem of Mn toxicity in humans and are presently -

We recommend that for more

information on their studies you communicate directly with

Dr Johnson, Chairperson. -

v'd
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Concerning information in cur department cn manganese in

our soils and plants, we &: nhave some high manganese soils,
and crops that grow ir thzse soils suffer from excessive
manganese Oxisols, total rl: ranges from 1.79-5,22 per cent.
Concretions found in these scils range from 27.2-30.3% Mnl>
(G.D. Sherman et al. - o ience 3(2):120-123. 1949).
These soils are fcund drier regions that are subject
to wet and dry seasons.

how to curtail uptake of Mn,

t have shown that mulching,
rface, ¢tC., i.uv. practices

that keep the soil relatively cool and moist, will decrease
solubilization of soil M “onversely, drying and heatirg
will increase soluble ¥n in these Oxisols. Liming will slso
decrease ‘Mn solubility in these acidic soils.

Jn soil management or T
past studies in our degar
trash application on sz:

A prayer for guidance of the Holy Spirit

As you probably heard.durins your tenure as a Fellow at the in research and its application

East-West Center, the common practice in pineapple fields is
to apply iron sulfate to tcrrect excess Mn uptake in the

plant. This applicatior. of iron sulfate however is to provide " God of wisdom and love
an optimum Fe to Mn balanced uptake by the plant. Iron sulfate Source of all good. *
application does not sucstasntially, if at all, decrease :n Send your Spirit to t

. N . . ea
concentration in the plant. 9n a related subject, the pireapvle for the heafth and "ellf:eg: Yogr truth,
researchers have also discovered that the application of certain and guide our actions g of people,
nematode-controlling fumicants will increase Mn availability. towards your way of uholenés

Se
We ask thi .
In concluding this letter we would like to summarize and your Sonhls thorugh Our Lord Jesus Christ,
’

speculate that certair parts of a plant could accumulate Hn

more than in other parts. There could also be certain tlants,
edible or otherwise, that accumulate extremely high amounts of
Mn that we are not aware I, AMEN

who lives and reigns with iri
You and the H
One God for ever and ever. oly Spirit

We hope that the foregoirg information/data prove helpful an
your studies. A L
This is a benediction from The Right Rev. Clyde Wood, Bishop of the

Northern Territory, and Mr Lance Tremlett of Angurugu, and the Church

ion to this informati 1 est that it would be valuable .
In reaction is i ation, sugg Missionary Society.

if members of the Angurugu Council and the Church Missionary Society,
together with a doctor, were to visit Hawaii to study this problem
personally. It could make a difference to 1ife at Angurugu if useful

and safely supervised gardens were to be established in this way. .

D I R I A A I R B S AU BN RC R )
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STOP PRESS: HIGH LEVELS OF BLOOD MANGANESE

ae
This hooklet is mercly a state-of-the-art rcnort.for Mav L, ;::7-

e ;Iso includc some items omitted from the Marwin pr?grun; inx
concerns the local use of ﬁapganic ore for its black ;o}ou "
painting and decoration. Another item concerns thj mnnagc::crc

7 ' . '
highly manganic soils in Nawaii, to protect fo?d p.ants "

th: D;lc Pincapple Company and others usc uppllcatloﬂ? :f c:zi;n?qucs
mulch betwcen plants, with calcium and iron. These gdr.c?t e
scem successful., We recommend that an Angurugu team visi :

to study them.

After the May Conference, one of us (Charles Kilburn) continucd

Ianned.hlood manganese.estimations at Angurugu. Iligh levels :Z:Za_
20und in residents other than those ncurologically effcctcd.d'. e
ordinary levels of 800-900 units were found in a fni:crt::df1;:7ic<..
i "lv not related to the two ncurologically affec . @
;:oZdF::;g;nese levels of this depree must give ?ausf :orr:oncT:n.
requiring close monitoring rather than medical lulssc;'d:;v ;nd .
Se;tenbor. Charles Kilburn was obliged to return to Sy )

NH & 'IRC appointment concluded.

A physician is urgently needed. The Chairman of;the ?omTun::Y
Council ;r Murubuda, told the Darwin meeting that the Loun:xlhzou
‘ay hal; of the salary required. Professor .John Mathews o e
:orthern Territory School of Health Rcscarch: offcre? todj:p e
The Church Missionary Society will maintain its longsta? oitinuing
Ne rccommend a doctor who can offer general care, with Jtzdies .
study of "manganese and mectabolism", including autopsy : e
occasion arises. Our thanks go to all who are concerne

problem.

John Cawte,

Charles Kilburn.

THE ABORIGINAL HEALTH WORKER
POLICY

The Aboriginal Health Worker aims -

1) to assist Aboriginal health workers all over Australia

to share ideas with one another;

2) to involve Aborigines and Islanders in all aspects of

their health and adjustment, most especially in
training and leadership roles.

This Journal assists health workers -
1) to diagnose and treat sick persons;

2) to explain sickness, its causes and its prevention,

to the local community;

3) to tell the public, public servants, and politicians

about Aboriginal health. Many of the decisions affecting

Aboriginal health are not made by health workers.

Aboriginal health workers -

are all persons who help Aborigines ra}l

y from illness,
or help them avoid being ill,

Aboriginal health workers
care for sick people in the homes

and in thé'hospitals.
community,

» in the health centres,
Most of their work is in the

Aboriginal health -

is the ability of Aborigines to rally from harmful
effects in the environment, or the ability to prevent
such effects occuring in the first place.

Requests to: The Hon.Editor, Dr John Cawte

Prince Henry Hospital

LITTLE BAY NSW 2036 Tel. (02) 694 5731 g 5660

at'd
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" control
* feromanganese producer in Penn-

Clinical Manganism and Exposure to
‘Manganese'in the Production and
Processing of Ferromanganese A”OyE SETTE

L T. Smyth, M.D.; R. C. Ruhf; N. E.
Whitman; and T. Dugan, M.D.

ln 1963 the American Con-
ference of Governmental Industrial
Hygienists {ACGIH) changed the
threshold limit value® (TLV) for
manganese so that 5 milligrams of
manganese per cubic meter of air (mglcu
m) represented a Ceiling Value.t In
1965, following the lead of the Threshold
Limits Comunittee, the Pennsylvania
Department of Health, under the
Regulations Establishing Threshold Limits
in Places of Employment adopted a
Short Term Limit (STL) for manganese of
5 mglcu m (or 30 minutes.
As a consequence of those changes
the medical and environmental quality
personnel  of a large

sylvania felt that a reappraisal of the en-
vironment and the health of employees
working in ferromanganese production
and processing facilities was indicated.

Manganism and Parkinsonism

The syndrome of manganism is that of
Parkinson’s disease and is clinically in-
distinguishable from it. A review of the
literature elicits only about 400 cases of
Mmanganese intoxicalion since it was first
eported over 100 years ago. Most of
these cases occurred following exposure
b manganese dioxide ore or lo

- Manganese dioxide fume produced by

oxidizing processes such as cuiling or
“burning.

Parkinsonism is a progressive

Awivant 10 Medical Director,
Corp, Bethlehem, Pa.
Repring tequests 1o Bethlehem Steel Corp,
‘&-lhlchem. Pa. 18016 (Di. Sinyth).
—_— T —

Bethlehem Steel

. 4
neurological disease which results from
destruction of the cells of the basal
ganglia. Occasionally, it is seen as an
acute illness following hemorrhage of
the brain. Rarely, it is seen in association
with brain tumor or syphilis. Ar-
teriosclerotic, rather than primary
degeneralive changes, can occasionally
be a cause of the shaking palsy ol very
advanced age. Until 1915, patkinsonism
was mainly a disease of advanced age,
rarely occurring before 40 and usually
selling in between 50 and 60 years ol
age.

Poskanzer and Schwab (Massachusells
General Hospital, 1961) feel that most of
the parkinsonism now scen is the result
ol the worldwide epidemic of en-
cephalitis lethargica that lasted from
1915 to 1926. They expected that the
number of cases would increase for
some 40 years alter the epidemic and
then dwindle as the viclims died from
this or other causes. In 1961 the mean
age of persons newly alflicted with
parkinsonism was 60.6 compared with
34.7 in 1932, Poskanzer and Schwab
subsequently examined 421 additional
patients and found that none of them
were born after 1931, the year the virus
died out.

Cotzias' was the lirst to demonstrate a
therapeutic response to high doses of
levodopa. The rationale for its use had
developed from studies showing that
dopamine nosrmally occurs in high con-
centration in the basal ganglia and sub-
stantia nigra, but at autopsy it was
markedly depleted in those arcas of the
brains of persons having parkinsonism.
Since dopamine does not cross the

Joutnal &f Qceupationial Madicina/Vel. 16, N6, 2/Fabruaty 1973

_inorganic imanganese salts are slowly
-and poorly absorbed by this route. The

pP.47
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blood-bram barrier, its administration is
inelfective. However, levodopa, the
metabolic precursor of dopamine, does
cross the blood barrier and presumably
is converted inlo dopamine in the basal
ganglia.

It is the opinion of some investigators
(Penalver R, oral communication, and
Whillock et alé) that the parkinsonism
syndiome produced by manganism_is
not progressive if the victim is promp(ly
temoved” from exposure,”and that the.
condition may impiove lollowing the _
use of chelating agents. Penalver has
shown moving plclutes demonstrating
improvement in one case by simply
temoving the patient from further ex-
posure, chelating dtugs being not yet
available.

Massive exposure to the fume or dust
of manganese may rapidly broduce
symploms and signs al any age in con-
trast 1o the slow and insidious course of
patkinsonism due to other etiology.

_JYhe main ponal ol entry of manganese
is the respiratory tract. " The gaslronn:-'
testinal tract plays little or no role and .
radioisotopic studies reveal that,

£
f
L]
!

tmain toute of excretion is in the bile, the - ‘.
liver being the prelerred site of ac- |
cumulation. Only small amounts of
manganese are found in the urine, even
following heavy exposure. Chelaling
agents, however, markedly increase the
excrelion by the kidneys. Manganese is
an essential element for normal
metabolism and with an average daily
intake of 3 to 9 mg, the blood contains
from 12 10 15 pg/100 ml and the urine
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,- -somewhat less than 10 pgliiter.? Mast of

he intake is evenlually accounted for in
e feces. Maynard and Colzia:? demon-
&-.ra!ed that manganese disanpeared
rapidly from the blood and wa. con-

centrated in the liver, kidneys, and L-ain.

Production and Processing
Methods
From 1923 to the present, the produc-
tion facility for ferromanganese at the
operation under study has been the blast
furnace. There have been changoes,
however, in the handling of the casted
material, from 1923 to 1957, the
ferroalioy was poured from the furnace
into cast-cars (low-sided gondola
railroad cars lined with refractive
material). The casted material was
removed from the cast-car and sized and
sorted manually. In 1957, due (o
customer demand for smaller and more
uniform sizes of the alloy, crushing and
screening facilities were installed in the
then existing building. In 1961, a new
and larger building was erecled to house
. crushing and screening equipment of
nuch "greater capacity. In December
161, the mollen ferromanganese was
~wapped from the blast furnace into con-

ventional submarine ladles and rans.
BUNet (B 9 phgsanating maghine,

Nature of Exposure

Dust Exposure. — The mechanized
crushing and screening operation
tesulted in the produclion of
terromanganese dust. Visual observation
indicated that the overall dusliness
associated with mechanical crushing
and screening was greater than that
associated with manuzl operations. Prior
 AMRY  MMEY e M) RENEEANY
jecognized as heing a hazard although
Patty? stresses the mining, transporling,
crushing, and sieving of the manganese
ore as being the chief source of exposure
and Voss* had reporied one case ol
manganese intoxication in a man milling
and grinding lerromanganese.

Dust sampling studies were therefore
begun in the processing plant shorlly af-

ter the commencement of crushing and
HINHIIEYE BAMERTIR 1) B by MR,

oM that time, the procossing facilitios
. were housed in a three-sided building
measuring 335 (t x 106 ft (Fig 1). The
south end of the building was com-
pletely open and there weie large

102

.SA Tatle 1. — Woangansse-in-Alr Dust Concentrations ;
Batore Yentilation —— OId Preparation Plant ’
. Type mé Leation Rambor of Concentration (mg/ce m)°®
! of Sample Samples Righ Low fnnp
" Breathing Tene . ’
“Crusher Operstor . v
.- and Helpnt o ) ’ 6 0.0 8.2 LX)
.-, Goneral Alr .
\" Screening Station 6 $2.0 0 10
v Crusher Discharge 3 1750 0 105.0 1"
L Screened Material 5 350.0 210 119.0

¢ Milligrams per cubic meter of aic.
B ¢

openirgs along both the east and west
walls, Un the west side close to the
notth will, ferromangancse, which had
been dug out of the cast-cars by Gradalls
{an unloading machine with a claw-like
attachment al the end of a telescopic
boom), was loaded into bhoxes for
charging into a jaw-lype crusher. The
crusher and screens were located at the
north end of the building midway be-
tween the east and west sides. The
finished produci left the plant by truck
through the laige opening in the ea«t
wall and by rail from the open, south
end.

Because ol the physical tayout of the
Luilding and the warking pattern of the

omployees, the inidget impinper was
used. (There ware only twa en, 1he

Crusher Operator and Helper, both of
whom remained fairly stationary on 2a
platfotm atop the cvusher.) Twenty sam-
ples, each of 15-minutes duralion, were
obtained over a two-day period in
‘anuary 1958. The lindings are listed in
vable 1. Manganese-in-air con-
centrations averagea 1122 mglcu m in
the area inunediately around the crusher
discharge, which was the major source

of dust, No employee was stalioned in

L T L T Lo g L YL DL
{average 27 lo I8 mgicy m) wers loum

in those ateas in which employees were
dationed, namely. on the platform algp
the ciusher and at the screening are
The time that employees remained in
thoce arcas ot excessive manpanese dud
was not measured. Time.weighl
averages ol manganese exposure,
although obviously lower than the num.
bers cited, were also not determined.

At that time the TLV for manganese
was b mglcu m. Inasmuch as the dud
measured concentrations were greally in
excess of thal level, it was recommended
that local exhaust ventilation be
designed for all dust sources and in-
stalled as soon as possible. Untit the
ventilation

system was operable, a

TesPIAtOY Protective program was made
mandatory and intligied inmedialely.

In May 1959 an attempt was made to
e<tablish a procedure lor monitoring the
dust concentrations to which the em.
ployees in the Processing Plant were ex:
posed. Yhe felt filter pads were collected
from the face piccec of the respirators al-
ter an eight-hour tum had been worked
by the Crusher Operator and  Helper
lilters from eight successive work shifis
were obtained for cach position, The
fiers were analyzed quantitatively for

R e Sl

Fig 1. — Plan view of old manganese piocessing plant (building dimensions 335 f1 by 106 #).
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Y. day, the expasures tlo manganese dust
<" _concentrations were calculated to be 47
~ mglcu m for the Crusher Operator and
.52 mglcu m for the Helper, These find-
ings were comparable to the 35 mglcu
" mas delermined previously by air sam-
pling conducted in the breathing zone of
the Crusher Operator and Helper, If one
could with certainty know that the ex-
posed employee was faithlul in wearing
his respirator, this procedure could be a
useful method of monitoring the ex-
posure. Because such assurance could
. pot be' given without constant super-
vision and because exhaust ventilation
subsequently  reduced  the  dust
centrations  lo  acceptable  limits,
proceduic was abandoned.
Despite the installation of the crusher
and rudimenlary screening operation,
some manual sizing with sledge ham-
mers was slill required. This work was
performed near the open, south end of
the building by four to six laborers, The
laborers” total exposure 1o the dust
ciealed by their own work and by the
aushing and screening equipment was
determined by use of an electrostalic

con-
the

- precipitator. Eighleen tests, each of ap-

roximately one-hour duration, were ob-

- tained over six differemt days in May

1959. The concentration of all 18 tests
averaged 5 mplcu m. Since the lests
were conducled only during the time of
processing and not during repair or
lunch periods, the weighled-average
concenirations would have been
somewhat lower than 5 mglcu m.
Inasmuch as the measured con-
cenlrations were below the TLV of that
time, the wearing of respirators was
placed on a voluntary rather than a man-
datory hasis in that area of the building.

~the installation of the exhaust ven-
tilation  system was completed in
february 1960. During March 1960, in
order 10 evaluate the elficiency of the
new sysltem, air samples were collecled
with a midget impinger and an elec-
trostatic . precipitator on the platform
alop the crusher and in other work areas
around the crusher and screens, The
manganese dust concenlrations
averaged 0.7 mg/cu m atop the crusher
y and 0.6 mglcu m in the adjacent work
weas; the highest concentration was

- anly 1.84 mglcu m. This was a dramatic

improvement over the excessively high
levels measured prior to the installation
of the exhaust system.

meters® of air over an eight-hour work

T
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Fig 2. — Plan view of new manganese protessing plant (building dimensions 400 ft by 128 1),

Because of the extieme abiasiveness
of the dust, however, the dudwalk in
the ventilation system soon began 109
erode, particularly in the elbows, where
holes bepan to appear. I addition,
because of the bulkiness of the laige and
heavy loading boxes which required
frequent moving, inadvertent damage to
the hoods ensued. Both these faciurs
contributed to a gradual reduction of the
air volume needed to satisfactorily trans-
port the contaminant from the work
areas. Further almospheric tesling 1o
determine exposute to manganese dusl
was conducled during fanuary and
February of 1961, Ten tests in the
breathing zone of the Crusher Opurator
and the Bottom Man (employee working
primarily in the area around the
screening equipment, who was respon-
sible for seeing that sized material from
screening operations was properly
loaded and removed for shipping) were
obtained with a midget impinger over
four different days. The averape dust
concentration immediately lollowing in-
stallment of the ventilating system was

3.2 mglcu m for the Crusher Operator
and Helper (abou a fivelold increase
over that ol the 1960 <tudy), and 53
mplcu m for the Bottom Man. Because of
these telatively high dust concentiations,
management was urped to make every
elfot 10 maintain the ductwork and
and rtequite the  wearing  of
respitatory proteclive devices when ex-
cessive dusl concentrations were en-
countered.

Because customers demanded a wider
range of small sizes of the alloy as well
a< varied manganese composition (range
74% 1o 82% ), it was necessary to pur-
chace another crusher, smaller in size
than the original, but of the same type. It
was also decided to house the crushing
and screening equipment in a new and
laiger processing building (Fig 2). B8y
March 1962 the changecover was com-
pleted. At the same time the old “large”
crusher and screens were supplemented
with the new “amall” crusher and its
auxiliary equipment,

In the new processing building an at-
tempt was made lo use waler sprays as a

hoods

Fig 3. — Summary of average terromanganese dusl concentrations.
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‘dust suppressant at material transfer

&‘.')'.)inls in lieu of hoods and exhaust ven-

dlation. It was apparent from the starnt
that sprays, while accounting for some
reduclion, were not loweting the dust
-concentrations o salisfactory levels. To
confirm these observalions, general air
samples were oblained with an elec-
trostatic precipitator during June and
August 1962. Concentrations duting this
study. ranged belween 12 and 83 mglcu
m and averaged 30 mg/cu m, Based on

these tests it was recommended that

wale('spraying be discontinued and an

" exhaust ventilation system be installed.

("

In May 1963 the exhaust ventilation
system was completed for both the large
and small crushers as well as their
respeclive screening equipment.

Sampling of the air-borne contaminant
by midget impingers to determine the ef-
fectiveness of the new ventilation system
was completed by October 1964.
Twenly-five general air samples, each of
10- to 12-minutes duration, were taken
over the various working locations
during the survey period.

On five of the nine lest dates, the
average daily concenlralion exceeded
the TLV for manganese; of the 25 sam-
ples, nine exceeded 5 mglcu m,
However the average concentralion (5.6
mglcu m) of all the samples was just
slightly above the TLV.

Fig 3 shows that belween November
1959 and May 1965 average
ferromanganese dust concentralions in
the processing plant were in excess of
the TLV for much of the time.

The processing plant operation
requires periods of down-time during
the course of a work day because of the
necessity to change screens for the
varied sizes produced and for crusher
malfunction. The average concentrations
expressed in Fig 3 reflect both periods of
down-lime as well as periods of peak
production. In spite of that, il is apparent
that for appreciable periods of time over
the 7 1/2-year period (1957 to 1965) em-
ployees were exposed to higher than
desirable levels of manpanese and

during the periods when local exhaust

ventilation was not operative, average
concentrations were thrce to six times
the TLV.

Fume Exposure. — Al this operation,
ferromanganese is produced in a blast
furnace. Ferromanganese fume is emitted
during the 20 to 30 minules of the cast as
a dense, orange plume which arises

104

from the trough running from the blast
furnace 1o the ladle and slag pots and
spreads rapidly over the cast house lloor.
Because of the natural movermnent of air
across the cast house floor, the plume is
rapidly dissipated following the con-
clusion of the cast.

The First Helper experiences the
highest exposure due 1o the fact that his
work requires him 1o mainlain a posilion
relatively cluse to the wrough during the
entire cast. Other employees are able to
remain in the Blowers Shanty (enclosed
control room) or at the furthest upwind
portion of the cast house away from the
most dense portion of the plume.

The exposure at the pig-casting
machine is also to ferromanganese tume
arising from the runner leading from the
ladle to the pig moulds. The exposure
lasts for about 1 1/2 to 2 houss per
pouring operation (5 times per 24 hour
petiad).

The Pourer’s exposure is grealer than
that of the Tilter because of his working
position in telationship 1o the runners
conveying the molten metal. His work
requires him 1o maintain the runner
{clearing slag, elc) in close proximity 1o
the source of the fume, whereas, the
Tilter is in an enclosed pulpit and at
some distance from the plume.

In early 1964 a significant event which
occurred in a plant in central Penn-
sylvania was brought to our attenlion.®
Two men employed to cul and uim
manganese steel caslings with air-arc
burners in a small, unventilated en-
closure were admitted to a Harmisburg,
Pa, hospital with symptoms and signs of
central nervous system impairment
manilested by progressive weakness, un-
steadiness of pait, loss of co-ordinated
movemenls and increasingly severe
hoarseness of the voice. Theie was
marked loss of strength in all extremities,
abnormal reflex changes, intention
tremor and a sense ol euphoric, careliee
altitude not previously characteristic of
the personality ol the employees. An
inexpressive facial masking was present
as well.

Following EDTAY trcatment, there was
an immediate high excretion of urinary
manganese (as much as 1,000 pgiter in
one patient) and, with the passage of
titne, an improvement in the clinical ap-
prarance of the employees. 1 was con-
cluded by the authors that the TLV for
manganese-in-air concentrations
provided little or no factor of safety, thus

Clinical Manganism and Exposure to Manganese/Smyth et al.

conlirming the opinion expressed by the
ACGIH Threshold Limits Commitee
when a ceiling value was established, in
ellect, this event indicated 19 the in.
vestigators that serious manganese in.
toxicalion might occur when weighted
manganese-in-air  concentrations - were
below the TLV as then defined: 5 mgley
m (ceiling value). o
Our attention was now ditecled 1o
production of ferromanganese al the
operation being studied because of the
recognized manganese fume exposure
which we believed might be similar 1o
that of the reported cases in the
Harrishutg arca. In February 1966 il was

decided 10 perdorm an epidemiological
study of the entire problem,

Environmental Phase

Method of Study. Fifteen
positions, as indicaled by previous en-
vitonmental sampling and observation
to have the highest exposures, were to
be studied; nine at the production
(fume) area and six at the processing
{dust) area. Since the Pennsylvania SIL
for manganese is based on a 30-minute
period, all air samples thioughout the
study were collected for this length ol
time. All air samples were taken in the
wortker’s breathing zone and sampling
was done in all four seasons of the year.

Fume. — For the fume exposures the
electrostatic precipitator was used as the
basic sampling instrument, That in-
shtumenl, however, requites the in-
vestigator 1o hold the sampler in the
vicinity of the worker’'s breathing zone.
Since some job positions, such as the
first Helper on the Cast-House floor,
were oo hazardous to permit  that
proceduie, the electiostatic precipitator
was supplemented with the millipore
fiter and monilaire pump which could
be mounted on the employees.

Before the study was begun,
simultaneous sampling with the elec-
wrostatic precipitator and millipore filters
was petformed and it was determined
that results obtained from the two
methods were comparable,

The survey of the nine job positions at
the  production
collecting air samples during the casting
of the furnace and during the pigging
operations. Additional samples were ob-
tained helare and after casting and
pigeing to determine concentrations to
which the employces were exposed

facilitics coansisted of
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ipore Al the Pigging Machine, the Pourer’s k
Lould exposure (13.3 mglcu m) was in excess :,
of the TLV, whereas, that of the Tiller ,'. \
gun - was slighly below (4.4 mglcu m), §°* n
Le‘ec_‘ However, 93% of the samples for the x /
filters ;Puurer and 75% of the samples for the . /
hined ~Tiller exceeded the STL. e - n
wo Fig 4 shows the particle size | /
distribution of the air-borne fume, One - Pa
h . LM Sa,
bns at undred percent of the fume is com- } ¥
d ol ™ posed essentially of manganese oxide, /
#\sling - but mainly MniO4, and is less than 2u ‘ : V
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e ob- Dust. — At the Crushing and r'!'“ ] / -
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‘performed as blind. studies to insure ob-
! C'."-. .jectivity. " Additional laboratory studies
.~ - ingluded chest x-ray, red blood cell
' count, white blood cell count with dif-
ferential, " hemalocril reading, blood
‘sugar, sedimenlation rale, urine analysis,
and electrocardiogram.
Results, — Examination of the 142
employees elicited live cases with symp-
t - toms and signs of cenlral nervous system
' impairment highly suggestive of
manganism, All five were from the ex-

v posed group and all but one occurred in

; positions  of

highest manganese ex-
posure. lhree were exposed 1o
‘manganese lume and two were exposed
to dust,

The salient fealures of each case are
listed below.

|

, ’ e .

l exhibited marked masking of the facies,
|

Case 1. Age 47, Twenty-three years in-

_ termiltent exposure 1o ferromangancse
dust as an Unloader, Screen Plam
Operalor, and Helper. When examined
was found to have had history of parkin-
sonism for five years. Clinically he

loss of blinking reflex,
associaled movements of the left_arm arm

absence of
.. when walking, tremor of “leit ar a_r_rp__and
(- head, and cogwhed! Tigidily of left arm

—

and leg. There was micrographia.

Case 2. Age 48. Twenty-thiee years in-
termillent exposure 1o ferromanganese
dust as. an Unioader, Screen Plant
Operator, and Helper. When examined
he had no complaints but on
neurological examination he exhibiled
complele loss of associated arm
movements bilaterally.

Case 3. Age 52. Light-years exposure
to manganese oxide lumes, thiee years
as a Laborer in the general blast furnace
area. and live years as an lron Pourer at
the Pig Casting Machine. Clinically he
had no complaints, but on neutological
examination exhibited complete Yoss of
associated arm movements bilaterally,

Case 4. Ape 49. Twenly- siry?;-\?;"m-
lermiltent exposure o manpanese oxide
fumes as a Laborer and tion Pourer at
the Ferromanganese Pig Casting
Machine. Clinically  exhibited  marked
masking of the facies, diminished
blinking of the eyelids, absence ol
assuciated arm movemenls, muscle
vigidity in right arm and both legs.
Micrographia was present.

" Case 5 Age 49. Ten and one-hall years

exposure lo manganese oxide fumes as a
Hot Blastman at the Fernomanpanese

Blast Furnace. Clinically exhibited
micrographia, loss of associaled am__
movernents on_ the right, and slatic .
tremor “of the tight” hand” There was
facial masking, reduced blinking reflex,
and some cogwheel rigidity.in the tight
_atm and leg.

None of the five employees admitted
to early complaints of languor, lassilude,
or apathy. All five were aclively working
and one (Case 2) lived on a farm and
was productively working it in his spare
time. There was no noticeable dilficully
in walking or speech impairment. There
was no history of muscle cramps,
headache, loss of sleep, or excessive
swealing as have been reported. Case §
exhibited excessive salivation and a ten.
dency to drool. No pathologic reflexes
were present. None of the employees
remembered haviog heen old by family
members that they have heen influenza
victims in infancy or childhood. Neither
had any suflered fiom pneumonia since
being employed. (Pneumonitis has been
reporied as  a  manifestation  of
manganism.}

In 1eviewing the sick absence records
for the five employees, it was noted that
Case 2 had been it from january 24,

Fig 5. —— Particle size disbibution of sirborne dust (manganese shed).
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* 952, 0 July 13,1952 (182 days), with a
dizgnosis ol “Psychosis” which we
pelieve may have been representative of
3 wansient personalily change. When
- questioned about the episode, the em-
.ployee stated he “trembled” when he
uied- to perform fine mechanical tasks
such as threading a nut on a bolt and he
would “break out inlo a sweal”
However, the nature of the incident is
not clear and its signiflicance unknown,

The personalily of the employee at the

jime of examinalion wa} “normal” in
every respect. Nevertheless, the episode

* did occur during a period of exposure to
" ferromanganese dust.

The five employees were hospitalized
for further study under the care of an in-
ternist.  Results  of skull filims, elec-
woencephalograms, spinal taps, and
blood serology were negative for all.
Serum iron and serum iron binding
capacities were normal. Red blood cell
counts, hemoglobin values, white blood
cell and differential counts were within
normal ranges. Case 2 revealed fine,
delicale stippling in a very occasional
ted blood cell. Case 3 revealed a hyper-
tension with left ventricular hypertrophy

- and a history of familial hypertension,

Upon hospital admission, caollection

and continued for ten days in Cases 1, 3,
and 4; (our days in Case 2; and three
days in Case 5. The average urine
manganese concentrations for the five
cases are shown in Fig 6. Except for Case

5, the average manganese con- -
' centrations were below 10 pglliter,

tach hospitalized employce was ad-
ministered 2 g of Calcium EDIA in 500
ml of dextrose intravenously on thice
successive days. Twenty-four hour urine
collections were assayed for manganesc,
The average concenlration of manganese
in urine belore, during, and alier ueal-
ment is shown in fig 6. The concen-
trations do not approach those repont-
ed in the Harrisburg cases. Nevertheless,
the increased excretion cerlainly con-
firms manganese exposure and ab-
sorption and indicates mobilization
following administration of the chelating

. agenl.

Following discharge from the hospital
and release for work in manganese-liee
areas, spot urine samples were collected
weekly for ten weeks. Fig 6 also shows
the manganese concentialions during
this time. A second course of 2 gm of
Calcium EDTA was given, on an am-
bulatory basis, to Cases 1, 2, and 4.
There was little il any increased ex-

weekly spot samples of urine have
averaged below 6 pglliter in all cases.

‘Three months after the time of the
initial neurological examinations alt five
employees were re-examined. Cases 2
and 3 regained normal associated arm
movements. No changes were noted in
Cases 1, 4, and 5, and all continued to
manilest the same degree of neurological
deficit gresent on the initial examination.
While their condition had not improved
neither had it deteriorated. improvement
was noled in cases exposed to either
manganese fume or ferromanganese dusl
but only when the neurological deficit
did not exceed loss of associated arm
movements.

In comparing the exposed and unex-
posed groups, no significant dilferences
were noted in red blood cell counts,
while blood cell and differential counts,
hemoglobin levels, and hematocrits.

There were seven inslances of a history
of  pneumonia in the unexposed group
as compared with eight in the exposed
had
pneumonia were not in the areas of
highest exposure. Sick absence records
also indicated no significant diflerence
in the rate of sick absence for the two
groups. In the exposed group there wete

group.  Employees having

. Journal of Occupational Medicine/Vol. 15, No. 2/February 1973

.of 24-hour urine specimens were begun  cretion of manganese. Subsequent  no recorded absences for neurological
- Fig 6. — Average urine manganese concentration in five patients—betore and after EDTA ~
60
o
‘50
40 /
g/t /
e z
‘ | AT A STERlD I,
ke ' / o OISCHARGHLD
20 OR B 2%F \ RO HOSPYTAL
i
O TTREO VIR
s-; siihe NAT TN
| 1 5 19 15 18 2532 394653 6067 74 81
, 24 Hour Samples i Weekly Grab Samples;
LAVE

107

———— T =uT




. the diagnosis of manganism,

problems except for Case 2.
Stippling of red blood cells has béen

reported as being a finding in
manganism.® Blood smears of all em-
ployees were examined by a pathologist
as a blind study. He reported two types
of slippling: a coarse, granular type
{(reported as positive when one stipple
cell was seen in ten high-power fields),
and a fine, delicate stippling (reported as
positive when seen as an occasional cell
per slide). Table 4 reveals no significant
-difference in the number of persons in
the two groups who demonstrated .either
type of stippling.
~ Table 5 shows manganese-in-urine
concentrations by work area averaged
19 pgfliter in the Processing Plant, 6
* Mglliter -at the Blast Furnace Cast Floor,
“and 8 pglliter at the Pig Casting Machine.
The unexposed group averaged 7
uglliter,
Table 5 further shows that the average
manganese blood level of all exposed

- employees was the same as that of the

exposed group, namely 3 ug/100 ml.

Discussion

Several aspects of this study are wor-
thy of comment, Those cases which
responded favorably to EDTA treatment
{2 and 3) regained normal associated

" arm movements, the loss of which con-

stituted the only neurological deficit. It is
suggested that this sign*is a reversible
rather than a permanent change, and
could be of greal imponance from the
standpoint of early detection and
removal (rom exposure before the oc-
currence ol irreversible central nervous
system damage.

The lack of progression of the syn.
drome over six years fends support to
since
parkinsonism of olher etiology is a
progressive disease.

The urine manganese concentrations
averaged about three times higher in the
dust-exposed group than in the unex-

" posed group. While this appears to be a

significant dilference, it must be remem-
bered that Cholak? reporied urine con-
centrations as high as 600 ugfiiter in per-
sons with manganese exposure but
without clinical evidence of manganism.
Further, although the exposure of the
Screen Plant Helper was twice that of

-the Operator, the urine concentration for
-the Helper was less than haif that of the

Operator. An attempt to correlate urine
mangancse concenlialions with air con-

[V.V.1

Table 3. — Manganess Dustin-Kir Concentrations by Position

=

Somples Euconding

Concontration (mgice m)

: Shorl Tum Limit (STL)
Rewbor of

. . Waiphtd-
Pasition Simpiny Noohw % of Totsl Len High Avatage
" Precessing Plant .
" Sereen Plant Operator 51 L] 1 0.98 T A ¥ |
. Screen Plant Helpar 53 3 10 0.88 613 1%
- Ford-Lift Opwator 3 1 k) 0.5) 25;9 3.2
Payloader Opatator n ) 10 0.3% 5.0 U
Cranemas L1 ] 1} 0.8 LIRE o
Foreman 30 | i} 0.7 16.2 u
!
4
Table 4. — Summary of Stippling Observations
Erpased Crenp Usaposed Grovp
Coarse Stipeling (1/10 HPF's) Coutol N Sontol N
Finy Stippling (Rere/Slide) 9 oul ol 21 2outol N
Total 15 ovl o 71 1} ot of 71
!
Table 5. — Manganess Blood and Usine Concentrations
vs Ni Concenbations by Position
Weighted-Arerape
Rir Concontation Blood Levsl Urine Loved
Positien (wg'ce m) (g’100 gm) (pg'Mtet)
Blast Furnsce
Keeper 11 | ¢
Btower 113 [ ]
Hot Blestman 03 ? ]
Yora Repair Pipeworh 1) 2 10
Second Helper 0% 2 8
first Helper 36 3 7
Cinderman 0.1 2 [}
Rrsaps 3 [}
Pig Machine .A
Titter [N} H ]
Pouret 1313 k) 10
Rymape ] |
Pracensieg Plant
Screen Plant Operotor (3] 4 83
Screen Plant Helpes 129 $ ]
Fork.Lift Operator $2 ) [ ]
Paylosder Operator u! 5 9
Craneman LK} H 1
Foreman 21 2 L
Averape [} 19
Contro! Group Aretape | ]
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centrations lor each job position resulled
in a correlation coeflicient of 0.12. Thus
there 'is very poor correlation between
manganese exposure and manganese ex-
cretion in the urine. In Case 5, the Hot
Blastman position, the manganese-in-air

" concentration was the second lowest ex-
. posure measured, yet the urine excretion

of manganese (24-hour sample} was the

“only one 1o exceed normal prior lo

“EDIA administration. Cholak? also states
that the mean average for a group of
unexpused individuals was 2 uglliter

. with a range of 1 uglliter 1o 7 ugliiter.

The higher mean in our unexposed
group {7 uglliter) may be due lo the fact

- that all stee! workers in this plant may be
-~ exposed to slightly higher background
“fevels than the normal population.

Background atmospheric manganese

toncentration tevelsTin 1Re areas where

the ~Coiileinl “group was located range
fiom 001 to .025 mglcu m. Finally, it
must be recopnized that fundamenially

the bile is the primary metabolic path-

way lor excrelion of manganese and the
uine cannot very well be expected to
rellect occupalional exposure accurately.
This is doubly apparent when we see
manganism develop in the presence of
normal urine manganese concentrations.

Equally lacking in correlation are
blood manganese concentsations and
exposute. The average mangancse blood
level of our exposed employces was the
same as thal of the unexposed group.

The development of manganism in
one employee having a low exposure 1o

manganese oxide fume (Case 5) suggests '

the possibility of hypersusceptibility of
centain individuals inasmuch as others in

similar positions and with equal or

greater exposure did not develop
manganism. This phenomenon is well
known in toxicology. Unknown and
untecognized exposure away from the
job site is another possibility. n any
event, this case lends stress 10 the value
of periodic physical examinations rather
than examinations of biologic malerials
lo detect early evidence of signs of
manganism.

Conclusion

Although parkinsonism and
manganism are indistinguishable, the
detection of five cases among persons
having an occupational manganese ex-
posure, and in an age group in which
parkinsonism is not expecied, justilies
the presumplion of a causal relationship.
The mobilization and excretion of large
amounts of stored manpanese aller lreal-
ment with Calcium EDIA supports this
presumption,
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*Thiednld Lunit Value  The mavimym, average,
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wotkers may be exposed for an eiphl-bowr working
day

1Ceiing Valur A cateulated value which may nift
be exceeded 3t amy ine: yeuatly avigned o sub-
dances having a thiedhold it value with little or
no ety lacto

LA Calonm by lene Diamoe Tetta.acntie
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manganese it 2 lonn exciclable by the kudneys.
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